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12. On Spiral Thickening in the 
Columella and Its Bearing 
on Phylogeny 


A. DENDROCEROS — During the routine 
examination of type-material of Dendro- 
ceros adglutinatus ( Hooker f. et Taylor ) 
Nees, a plant from St. Helena, my atten- 
tion was caught by a vague indication of 
spiral banding in a soaked fragment of 
columella seen under the microscope in 
oblique illumination. I had been search- 
ing for something like this in vain for many 
years. Further investigation proved this 
spiral thickening to be normal in Den- 
droceros crispus (Swartz) Nees, a very 
widely distributed species, of which the 
name D. adglutinatus is a synonym. It 
also soon became obvious why the pheno- 
menon should for so long have escaped 
detection in what has in effect been the 
most frequently studied species of the 
genus. 

As no reliable circumscription of Dendro- 
ceros crispus is available from which the 
reader could glean what this plant actually 
is, I am presenting a set of illustrations 
( Figs. 1-7) from my files. The drawings 
were all prepared from the lectotype 
ferjamaica, Hb, S-PA”, see list ‘of 
“‘ Specimens Cited ” at end of this paper; 
cf. Proskauer, 19582). The diagnostic 
characters reside in the simple type of 
perforation of the wings of the thallus, 
the nature of the thickening around these 
perforations, the type of thickening of the 
sporophyte epidermis, and the details of 
the spore coat structure. Further, the 
plant has a “ solid ” midrib. 

Unless otherwise specified, the descrip- 
tions and illustrations below are derived 
from the collection “ Hawaii 5 ”. 

Figure 8 displays the basal part of a 
sporophyte embedded in the thallus. The 


gametophytic parenchyma presents an 
exceptionally prominent development of 
what in current spermatophyte anatomy 
terminology would be called “ primary pit 
fields” (Figs. 9, 10). Such tissue has 
long since been figured for Marchantiales, 
but is also common in Anthocerotales, and 
especially well developed in Megaceros 
and certain species of Phaeoceros. The 
placental union between foot and maternal 
tissues is so intimate that it is practically 
impossible to refer individual cells to their 
respective generations. The meristematic 
zone of the sporophyte shows no unusual 
features. 

In different sporophytes there is much 
variation in ultimate total diameter and 
the cross-sectional width of the individual 
tissuese (et oies 211012215220 ); «This 
variation is largely due to differences in 
cell size, rather than cell number. The 
jacket, including epidermis and lining 
layer, consists typically of five layers of 
cells. (In the upper region these collapse 
progressively from the inside towards the 
outside, cf. Figs. 15-17.) The columella 
has the typical 4x4 square cell pattern, 
with small intercellular spaces. At the 
extreme tip it gradually narrows down 
to terminate in one or two cells. The 
columella in Fig. 11 looks as if it has more 
than 16 cells, but this might merely be the 
result of a fairly thick section passing 
diagonally through the square. In cross 
sections I have only observed occasional 
relatively minor increases above the 
typical condition. Thus in one case 
(Figs. 19, 20) a columella varied from 
normal 16 to 18 (with 5 internal cells ) 
and 19 cells (with 6 internal and 13 
superficial cells ). Whatever the width of 
the spore sac, individual spore tetrads 
always extend from columella to jacket. 
The difference in size of the spore tetrads 
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indeed accounts for the major part of 
the variation in diameter of sporo- 
phytes. i 

The multicellular spirally thickened 
elater units mature relatively early, at a 
level where the columella consists of 
uniform living elements. The elaters 
form a complex three dimensional girder 
work, making not only continuous vertical 
connexions, but also horizontal ones 
(Figs. 11, 12, ;19, °20).. At the® level 
in question the sporophyte is still sur- 
rounded by the gametophytic sheath, a 
structure relatively long in Dendroceros 
and Megaceros compared with the average 
species of Phaeoceros. 

Not only do the cells of the columella 
remain alive and have dense contents, 
they indeed contain scattered chloroplasts 
( fide exsiccate “‘ Hawaii 6”). I might 
mention that the abundant granules in 
the columella and other sporophytic 
tissues seen, say, in Fig. 11 do not show a 
starch reaction with either iodine or 
polarized light. On drying ( at and above 
the point of dehiscence in fixed and pre- 
served material, also below this level in 
herbarium specimens) the columella 
assumes a brownish yellow tinge. A 
limited amount of darkening after treat- 
ment with ferric chloride solution suggests 
that some tannic material might be in- 
volved, possibly present more abundantly 
in the contents than in the walls of the 
cells. 

It is only at the level where everything 
else is mature, that is somewhat below the 
point reached by the downwardly pro- 
gressing dehiscence, that wall differentia- 
tion finally begins in the columella. Even 
then only the outermost mantle (of 
normally 12 cells) is affected. A spiral 
thickening begins to be laid down in these 
cells. It is never completed: dehiscence 
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occurs and the cells dry and _ shrivel 
( Figs. 15-17). Unstained the thickening 
is barely visible; although various stains, 
including safranin, and periodic acid- 
leucofuchsin, can be used to bring it out. 
I found methylene blue, with some sub- 
sequent destaining, to give the best results. 
Even so, deep yellow illumination is 
needed for proper contrast. Figures 13 
and 14 show the effect in the original 
columella in which I observed it ( “St. 
Helena ”, preparation somewhat flat- 
tened). The development is similar in 
the plants from Hawaii ( Figs. 24-26, 28- 
29,‘ Hawaii5’’). Figure 23 ( ‘““ Jamaica, 
Hb. G’’) is to show that the thickening 
does exist in the type material of Dendro- 
ceros crispus. I did not think it necessary 
to waste material in looking for a better 
example here. Careful search revealed 
the presence of the thickening also in the 
collection ‘‘ Brazil, Raddi’’. 

At this stage I attempted most un- 
successfully to macerate columellae. 
Chromic acid-nitric acid, hydrochloric 
acid, potassium hydroxide, ammonium 
oxalate, and pectinase were tried, only 
demonstrating again that the bryophytic 
middle. lamella differs from that of 
flowering plants. 

During the deposition of the thickening 
the cells involved, but not the central cells 
of the columella, lose most of their granular 
contents ( Figs. 26, 28). They do, how- 
ever, retain their chloroplasts ( fide exsic- 
cate “ Hawaii 6”) and nuclei until 
natural dehiscence causes collapse of the 
columella. 

The thickening usually is in the form of 
a double spiral. However, the spiral 
bands are not complete, the thickening 
normally being restricted to the radial and 
free outer walls of the cells ( Figs. 18, 28). 
The thickening differs in a number of 


Fics. 1-7 — Dendroceros crispus. 
fertile plant. 
perforations between the cells ( A452 ) 
irregularities in the thickening of the centr 
Inner face of a spore with triradiate ridges. 
All drawings are from one plant. 


¢ Lectotype. 
Fig. 2. Detail of mature unistratose wing tissue, showing the ma 

. Fig. 3. Sporophyte epidermis. 
al cell are unusual. 


“ Jamaica, Hb. S-PA”. Fig. 1. Paxtrofva 


margin and the simple 
i Fig. 4. An elater. The 
Fig. 5. Outer face of spore. Fig. 6. 


Fig. 7. Same, but without ridges. ( Figs. 3-7. A453 ). 


1960 | PROSKAUER— STUDIES ON ANTHOCEROTALES VI 


Fics. 11-14 — Dendroceros crispus. Figs. 11 (A567), 12 (A494), © Hawaii 5”. Longi- 
tudinal sections of comparable regions of different sporophytes, still surrounded by the gameto- 
phytic sheath. Note differences in cell size. x 225. Figs. 13, 14: oSt) Helena” (A576 ). Part 
of columella, showing the thickenings in the outer layer of cells. Stained whole mount in 10 per cent 
glycerol (see text). Fig. 13. x 225; Fig. 14. x 725. 


u 
Fics. 8-10 — Dendroceros crispus. ‘“ Hawaii 5”. Fig. 8. L.s. through base of sporophyte 


embedded in gametophytic tissue; note intimate placental region, and also the wall structure of the 
gametophytic parenchyma. To the left of the foot is part of an antheridial cavity. x 117. Figs.9-10. 
Details of ‘‘ primary pit fields ” of gametophytic parenchyma, x 880. All from one plant (A564). 


”, Figs. 19, 20. T.s. through a sporophyte 
The inner jacket layers have not yet collapsed. Pictures oriented with 
The columellar cells are still un- 
The columella 
x 225. Figs. 21, 22. Lining layer of 
in 10 per cent glycerol. Fig. 22 


shows the central cell of Fig. 21 in detail. Fig. 21. x 430; Fig. RE FINE 


Fics. 19-22 — Dendroceros crispus. ‘ Hawaii 5 
below point of dehiscence. 
plane of dehiscence horizontal. Note external dehiscence lines. 
modified, although the thickenings in the epidermis and elaters are fully developed. 
in Fig. 20 is slightly enlarged ( 19 cells in section ) (A583 ). 
jacket, showing thickenings. Stained whole mount ( see text ) 
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respects from that of the elaters (cf. 
Fig. 29 ): (a) by the bands being narrower, 
(b) by the spirals being incomplete, 
(c) by differentiation not being completed, 
(d) by usually constituting a double spiral. 
The elater unit drawn in Fig. 4 is unusual 
in showing considerable irregularity in one 
cell. Elaters normally have a single 
spiral thickening, rarely with short lengths 
of double spirals, and are for practical 
purposes just like the units shown in 
Fig. 30 for Megaceros. 

Material was treated with the following 
reagents: phloroglucinol; methyl red; and 
potassium permanganate — hydrochloric 
acid- ammonium hydroxide. There is 
no lignin in the thickenings of the colu- 
mella nor in those of the elaters. ( Lignin 
has indeed not been confirmed as present 
in any bryophyte. Certain older reports 
are seemingly erroneous.) On treatment 
with zinc chloride-iodine reagent the 
thickenings of the columella, provided that 
the columella has not yet assumed a 
brownish yellow tinge, give a rather faint 
reaction for cellulose, exactly as do the 
unmodified parts of the cell walls. This 
is true also of the inner surfaces of the 
thickening bands of the elaters. The 
outer surfaces of the bands in the elaters 
are brownish yellow, and, like corres- 
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Fics. 23-27 — Dendroceros crispus. 
showing the thickenings. 
surfaces are visible. 


sule ( A581 ). 
in 10 per cent glycerol. 


Figs. 23-25. 

2 DE i shows the columella 
ig. . Median longitudi 

surface cells, and unmodified central cells as rig. 
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pondingly coloured portions of the colu- 
mella, show a very faint reaction for tannic 
material on treatment with ferric chloride. 

What is the structure of those cells of 
the jacket of the sporophyte which are in 
contact with the spore sac, the cells form- 
ing what I have previously ( Proskauer, 
1948) termed the lining layer? From 
longitudinal sections I gleaned the impres- 
sion that they too might become thickened, 
but the degree of curvature of the layer 
prohibits the preparation of sufficiently 
wide tangential sections. In whole valves 
no details can be observed, because of the 
density of the epidermis. In Phaeoceros 
laevis simple peeling makes possible an 
elegant isolation of the lining layer. Here 
success came only through a chance obser- 
vation during prior frantic attempts to 
macerate the columella, and involves a 
somewhat unusual technique. A valve is 
mounted in zinc chloride-iodine reagent 
and gently warmed. The resultant dark 
mis-shapen structure is washed and then 
warmed in a chromic acid-nitric acid 
mixture ( Jeffrey’s solution ), until the cells 
are restored to their original shape and the 
valve becomes almost translucent. - If it 
is now mounted in water, the epidermal 
cells can be shaken or brushed off. The 
remaining jacket cells are now stained 


Details of outer cell layer of columellae, 
edge on, Na cells from two of the four 
-ction of columella, showing thickenings in 
Fig. 27. Thickened cells of lining layer ok Sone 


Fig. 26 from microtome pre i i 
1 T paration, rest from stained whole mounts see text 
Fig. 23 “ Jamaica, Hb. G ” ( A575 ), the rest “ Hawaii 5 ”. = 
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Fig. 28. Median longitudinal section of 


o Hawa Sie 
Fig. 29. T.l.s., note 


and unmodified central cells. 
Both ( A564). x 880. 


Fıcs. 28, 29 — Dendroceros crispus. 
columella, showing thickenings in surface cells, 
the broad thickening bands in the adjacent elaters. 


with methylene blue so that the lining layer of the columella at the same level: 
layer can be studied. it too acquires a faint thickening of in- 

The lining layer undergoes changes complete spiral bands (Figs. 21, 22, 27). 
exactly comparable to those in the outer Again the thickening is never completed, 
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the entire layer being subject to collapse 
prior to dehiscence. It has not been 
possible to determine whether the lining 
layer here is uniform or possesses dif- 
ferentiated internal dehiscence lines ( cf. 
Proskauer, 1948). The thickening is 
commonly most pronounced at the ends of 
the cells. Such terminal thickening, at 
least, has been confirmed as being present 
also in the type material of Dendroceros 
crispus (‘ Jamaica, Hb. G”). 

A cursory examination of other species 
of Dendroceros showed that spiral thicken- 
ing is absent from the columella of D. 
cichoraceus ( Montagne ) Gottsche ( “Chile, 
Isotype ” ), a species believed to be closely 
related to D. crispus. On the other hand, 
the rather more distinct D. crispatus 
( W. J. Hooker ) Nees has spiral thickening 
bands in its columella, at least in the 
collection “‘ Brazil, Gardner ’’. 

B. MEGACEROS — In the Anthocerota- 
ceae (excluding the Notothyladaceae! ) 
the details of sporophyte structure sepa- 
rate two pairs of genera; on the one hand 
Dendroceros and Megaceros, on the other 
hand Anthoceros and Phaeoceros. After 
the recognition of spiral thickening in the 
columella of certain species of Dendro- 
ceros a check on Megaceros was the 
obvious next step. But nothing com- 
parable has so far been found in Megaceros. 
The columella here, as in Anthoceros and 
Phaeoceros, is composed of cells usually 
considerably longer than those in Dendro- 
ceros, and which ultimately have a fairly 
uniformly thickened cell wall. 

Nevertheless, spirally thickened cells 
do occur in the columella of Megaceros, 
not as a regular normal development as in 
Dendroceros crispus, but as an occasional 
abnormality. They have been observed 
in the common Megaceros sp. of Hawaii. 
( My taxonomic revision of the genus has 
not yet progressed to the point of assigning 
a specific name to this plant.) The 
extreme example found is illustrated in 
Fig. 30. The drawings represent the 
terminal 10-4 mm portion of a columella 


1. Family Notothyladaceae (Milde) Müller, 
corr. nov. 


“ Subtribus ’’ Notothyladeae Milde, Bot. Zt 
17:54, 1859. x PS 


Family Notothylaceae Müller, Rabenhorst’s 
Krypt.-Flora, ed. 2, 6 (suppl.): 200, 1940. 
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from the collection ‘‘ Hawaii 8”. Near 
the top a 770 y long section of normal 
structure has been omitted as indicated. 
The columella was vigorously shaken and 
even lightly brushed to remove any elaters 
not firmly attached to it; what is shown 
thus very likely understates the case and 
certainly does not exaggerate it. 

The abnormalities are of various kinds. 
A single row of ordinary columella cells 
may be replaced for a stretch by spirally 
thickened elements that are entirely part 
of the columella and then appear like a 
row of tracheids. These modified ele- 
ments are usually shorter than the un- 
modified columella cells at the same level, 
and those parts of their walls free from 
the spiral bands are actually thinner than 
the walls of the regular cells. In other 
instances such a row of spirally thickened 
elements may be in part a direct replace- 
ment of columella constituents, but may 
bear branches, or have ends projecting 
beyond the confines of the columella. 
For a considerable distance the illustrated 
columella retains its continuity by a 
solitary strand of unmodified elements. 
Passing from the tip downwards to this 
region there is first a reduction in the 
number of rows of cells making up the 
columella, and then seemingly a splaying 
out of these rows into separate strands. 
Some of these strands seem to have ter- 
minated by an attenuation and death of 
their elements, in other cases the strands 
are continued by spirally thickened ele- 
ments. In the lower illustrated portion 
of the columella, conversely, rows of 
spirally thickened cells pass into un- 
modified columella elements, that are 
again gathered up. What is re-established 
is a columella of relatively few rows of 
cells rather laxly held together. It is 
to be presumed that the rows of spirally 
thickened elements (the loose ones of 
which have been removed ) which invest 
the unmodified single continuous strand 
are derived from cells embryologically 
part of the columella. 

The thickening involved is of a broad 
single spiral band, with, especially in 
larger diameter cells, occasional runs of 
double spirals. It must be emphasized 
that, except for a few cells with only 
incipient induration, the form of the 
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thickened cells, the nature of the thicken- 
ing, and the degree of development of the 
thickening are precisely comparable to the 
corresponding details of the individual 
cells that make up the elaters at the same 
level of the capsule. 

Seven collections of Megaceros from 
various of the Hawaiian Islands were 
examined. Although the available mate- 
tial was limited, it can be said that the 
particular strain involved in general tends 
to abnormal columella structure; indivi- 
duals quite “ normal ” for Megaceros were 
in the minority. There is a marked 
tendency for irregularity in dimensions 
and reduction in number of rows of colu- 
mella cells. Examples of spirally thicken- 
ed cells firmly attached to, or included in 
the columella are frequently encountered. 
Although other examples showing partial 
dissolution were seen, none were as 
extensive as that illustrated in Fig. 30. 

Microtome sections were made from 
numerous sporophytes. On the whole they 
were not very helpful. But it is clear that 
some irregularity is already common just 
above the meristematic region. The colu- 
mella here may deviate from the normal 
square pattern, and the size and number 
of constituent units can be variable. 
The most remarkable feature is the fre- 
quent large size of the intercellular spaces 
between the columella units ( cf. Fig. 31, 
“ Hawaii 7”). Small intercellular spaces 
are normal between anthocerote columella 
cells. (It might be mentioned that the 
jacket tissue of Megaceros and Dendroceros 
in general seems to lack an air space 
system.) Figure 32 represents a trans- 
verse section through the tip of a different 
sporophyte from the same collection, cut 
just above the point of termination of the 
columella. Columellae typically narrow 
down and terminate in a point as that 
shown in Fig. 30. Here it seems as if 
for a short distance above its normal point 
of termination the columella is continued 
by a fairly compact central core of longi- 
tudinally aligned “tracheidal” elater 
elements. Possibly this is a mere chance 
arrangement. 


Speculation 


For more than a century the columella 
of the Anthocerotales has been studied 
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and discussed in terms of its potential 
phylogenetic significance. To my mind 
Kienitz-Gerloff’s concept of amphithecium 
versus endothecium here too wrought 
more havoc than it brought elucidation. 
In retrospect it is interesting to note that 
Professor W. H. Lang had been in the 
forefront of the discussion long before 
good fortune allowed him to help present 
what may be the most relevant evidence, 
the detailed structure of the Rhyniaceae. 
Working with Notothylas he concluded 
( Lang, 1907 ) that this genus would seem 
to be a, possibly polyphyletic, reduced 
derivative from Anthoceros-like forms 
( I strongly concur in this view, which at a 
later date I wish to substantiate with new 
evidence.) He felt that the suppression 
of the columella sometimes met with in 
Notothylas was secondary. Yet at the 
same time he found himself able to con- 
sider the self-same phenomenon as evidence 
in point of the opposite: that the columella 
represents sterilized original sporogenous 
tissue. This point of view is not un- 
attractive, albeit founded in instinct 
rather than logic. Later, in the descrip- 
tion of the Rhynie flora, Kidston & Lang 
were, as they could well afford to be, 
cautious and noncommittal (1920, 
D 621721927, 974851). SThey didsnot 
voice a preference as to whether the 
anthocerote sporophyte, and bryopsid 
sporophyte in general, was to be regard- 
ed as reduced from the type of plant 
they were discussing, or whether it re- 
presented a simpler parallel development. 
The point of view that the psilophytes 
had an origin from anthocerotes they as- 
tutely forbore to consider. Without as 
yet knowing about the Rhynie plants, 
Kashyap ( 1919) made an excellent case 
for the derivation of the bryopsids from 
pteridophytic ancestors. Of recent years 
numerous authors seem independently 
to have become aware that a logical 
mustering of the facts now in hand 
demands this. Nevertheless, Mehra & Han- 
doo (1953, p. 381) expressly denied such a 
derivation. Their argument, in reference 
to the Anthocerotales, was founded on 
the then lack of precisely that information 
which is the subject of the present paper. 
( The paper by Milde, 1859, had apparently 
escaped their notice, just as it did that of 
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Fic. 30 — Megaceros sp. “ Hawaii 8”. Terminal 10-4 mm portion of an abnormal columella 
(see text). Near the top (left) a 770 » portion of normal structure has been omitted as indicated. 
The horizontal lines near the ends of segments mark the lap points. The arrows below three of the 
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Fıcs. 31, 32 — Megaceros sp. “ Hawaii 7”. x 225. Fig. 31. T.s. through lower region of 
sporophyte. The columella is irregular. Note the large intercellular spaces in it ( A586 ). Fig. 32. 
T.s. through tip of an indehisced mature sporophyte, just above the point of termination of the 


columella; note the central bundle of elaters ( A591 ). 


the late Professor D. H. Campbell.) In 
their words, ‘ It seems impossible that the 
Anthocerotales are a retrograde group 
from the Rhyniaceae or any other pterido- 
phyte. It is difficult to visualize so 
complete a loss of the vascular system 
that it would not be present in any 
exceptional or abnormal cases in the entire 
Anthocerotales. Moreover, the structure 
of the columella shows no differentiation 
in any of the members. It seems more 
plausible to regard the Anthocerotales and 
Rhyniaceae as having been derived from 
the same ancestral stock, the Antho- 
rhyniaceae, in the pre-Devonian.”’ 

To turn to the development of spirally 
thickened cells in the columellae of 
Dendroceros and Megaceros described 
above, basically different processes seem 
to be involved in the two genera. The 
case of Megaceros appears to be essentially 
just teratological, although the aberrations 
are spread through a large population and 
point to an inherent morphogenetical 
instability. In effect, cells that ‘‘ should ”’ 
develop into typical columella elements 
instead follow the pattern of differen- 
tiation of the cells destined to become 


components of elaters, and which lie in 
their proximity. That one of the results 
can be the formation of structures re- 
sembling columns of tracheids I regard as 
incidental. What we have is again the 
old case of Notothylas, of a submersion of 
the columella into the sporogenous tissue. 
Only here I have not found any evidence 
to show that spore mother cells as well as 
elaters may result, as in those specimens of 
Notothylas which show a suppression of the 
columella in the earlier stages of develop- 
ment (e.g., Lang, 1907; Goebel & Sues- 
senguth, 1927), but a very close parallel 
to what was so excellently described by 
Milde (1859): a transformation of the 
cells of an ontogenetically discrete colu- 
mella into elater elements with subsequent 
separation of these units. ( Incidentally, 
this suggests caution when interpreting 
the relationship of elater mother cells 
to spore mother cells in Anthocerotales.) 
On the other hand, what was described 
above for Dendroceros crispus is something 
that is a normal and regular feature of the 
development of this plant, albeit a 
seemingly functionless one. A thickening 
begins to be laid down in only the surface 
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layer of the columella, and the lining layer 
of the jacket. The thickening is never 
completed; the cells involved perish as a 
result of normal dehiscence. (No living 
material bearing sporophytes has been 
available to see what would happen if 
dehiscence were suppressed by unnatural 
conditions.) The thickening process here 
is quite independent of that of the elaters. 
It lags considerably behind in time and 
level in the capsule, and differs in several 
details. The possibility that it is brought 
about by something “spilling over ” 
during morphogenesis of elaters has thus 
to be discounted. 

The columella of Dendroceros crispus 
differs from that of the average hornwort 
also by the persistent dense contents of its 
cells, which only in the changing surface 
layer become cleared prior to dehiscence, 
although even in it they remain alive. 
Whatever else may be its function, the 
columella here certainly is not a special 
water conducting structure. 

What is the probable water economy in 
this sporophyte ? Dehiscence takes place 
usually not far from the mouth of the long 
sheath. Mere inspection suggests that the 
space between sporophyte and sheath 
would frequently be water-filled in nature. 
This water should be able to enter directly 
into the epidermis, at least in the lower 
region where this tissue is still immature 
and presumably free of a cuticle, and add 
to absorption made directly through the 
foot. Just looking at the tissues two 
obvious pathways for internal conduction 
are apparent: the elater system, and, 
especially at the higher levels where it is 
less congested, the epidermis ( cf. Fig. 3). 
Obvious experiments on preserved mate- 
rial to test the role of the elater system and 
epidermis in conduction yielded results not 
counter to the suggestions here made, but 
are not particularly relevant. They still 
remain to be tested on living material. 
It should be noted that the suggestions are 
perfectly in line with the findings of Isaac 
(1941, p. 345 ) on Phaeoceros laevis:  Al- 
though the solutions of salts were continuo- 
usly passing in through the prostrate game- 
tophyte to the foot of the sporophyte and 
from there to the columella, their level 
was always higher in the epidermal cells 
than in the cells of the columella. In 
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some transverse sections through the 
capsule it was seen that even the spores ~ 
and elaters had become saturated before 
the columella showed any signs of the 
presence of solutes.” And not only do the 
elaters of P. laevis lack the wall differen- 
tiation of those of Dendroceros, but the 
columella cells mature at the same rate 
and level as the elaters, instead of lagging 
behind. I think that in Dendroceros the 
tracheidal elaters, connecting horizontally 
and vertically (cf. Figs. 11, 12, 19, 20), 
in fact constitute the main water conduct- 
ing tissue, before they ultimately play 
an active part in dehiscence and spore 
dispersal. 

In the original description of Horneo- 
phyton (under the name of Hornea) 
Kidston & Lang (1920, p. 615) drew atten- 
tion to the “ tapetum ”, a one-cell thick 
layer lining the jacket of the sporangium 
and continuous over the columella also. A 
similar “ tapetum ”’ lined the sporangium 
of Rhynia, where, of course, there was no 
columella. The authors considered the 
“tapetal’’ layer as probably having been 
a relatively rigid tissue, and compared it 
(p. 610) “ with the sheath of tracheidal cells 
which has been described in some other 
fossil sporangia.” But they could discern 
no special thickening still present in it. I 
wish to interpret the thickened columellar 
surface layer and jacket lining layer in the 
extant Dendroceros crispus as representing 
a vestige of this “ tapetum ”, which oc- 
cupied an exactly identical position in the 
sporangia of Horneophyton. 

I suspect that the anthocerotalean 
sporophyte is derived by reduction and 
specialization from a sporophyte such as 
that of Horneophyton. In this process the 
vegetative part of the sporophyte was 
largely eliminated. The bulk of the 
hornwort sporophyte is the counterpart 
of the Horneophyton sporangia only. 
Presumably there was a shift from apical 
growth to an intercalary meristem. Inci- 
dentally, there is the possibility that when 
the rhyniaceous plants changed from 
vegetative growth to the production of 
their terminal sporangia, they themselves 
might have undergone this shift of 
meristem. We do not know, but in the 
case of Horneophyton itself the occurrence 
of occasional forked sporangia represents 
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indirect counter evidence. (Such a shift 
in meristematic activity takes place among 
extant forms in the ontogeny of the 
juvenile thallus of the, unrelated, liverwort 
Riella. Growth by apical initials is super- 
seded by intercalary growth. The so 
called ‘‘ seta meristem ”’ of certain mos- 
ses, which I interpret as a deferred zone 
of cell elongation and differentiation, 
illustrates the most likely method of 
meristem shift.) 

I do not wish to expostulate at length 
on the psilophyte ancestry of anthocerotes. 
At the present time no firm proof can be 
brought. All that we can firmly adduce 
is a common ancestral denominator for 
these groups: a green parenchymatous 
land plant, with stomata, single laminate 
plastids with “ pyrenoid ”, presumably 
archegoniate, and with alternation of 
generations. I have no quarrel with the 
postulated “‘ Antho-rhyniaceae ” of Mehra 
& Handoo (1953). But with what we 
currently know about Ulotrichales ( in- 
cluding the Ulvales of Blackman & Tansley 
and the Chaetophorales in the sense of 
Fritsch ), the group among which for 
practical purposes alone we may seek for 
the algal ancestor of the green land plants, 
the scales are heavily weighted in favour 
of a homologous origin of alternation of 
generations. It is quite probable that the 
archegoniate plants arose from a mem- 
ber of the Ulotrichales which not only 
possessed an isomorphic alternation of 
generations, but was itself already sub- 
aerial and parenchymatous. (The sequence 
sea-fresh water-land seems much more 
probable than one in which marine plants 
conquered the land on the foreshore or in 
an estuary.) Adding stomata, sex organs 
with sterile outer tissue, etc., we arrive 
at the “ Antho-rhyniaceae ”, but as a 
group with at maturity free alternating 
phases, and thus by minimum definition 
a pteridophytic group. Such “ Antho- 
trhyniaceae’’ must have been there, 
whether the anthocerotes were derived 
from the Rhyniaceae or not. So far we 
do not know them, unless the imperfectly 
known Sporogenites ( Halle, 1916, 1936; 
Croft & Lang, 1942) is a representative. 
At a slightly simpler level perhaps the 
Protosalvinia - Orvillea - Foerstia complex 
is relevant. I should merely like to 
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draw attention to the remarkable dif- 
ference in interpretation of the ana- 
tomical organization of these plants on 
the part of the most competent autho- 
rities, to underline the difficulties which 
are involved (cf. Kräusel, 1941; Lang, 
1945; Arnold, 1954). ( The recent claims 
of the discovery of Ordovician land plants 
made by Kozlowski & Greguss, 1959, 
I am forced to reject. There most 
probably were Ordovician land plants, 
but the evidence illustrated by these 
authors does not permit me to accept their 
claims at face value.) 

Contemplation of the phylogenetic prob- 
lems has brought out possible pitfalls, 
some of which might profitably be enu- 
merated. My suggestion (and I am 
certainly not the first to make it ) that the 
hornworts originated from forms such as 
Horneophyton is by no means in detail 
the reverse of Campbell’s ( 1925) thesis. 
Campbell equated the anthocerote colu- 
mella with the psilophyte stele; I compare 
it with the columella of Horneophyton. 
This is not hair splitting. Kidston & 
Lang ( 1920, p. 616) pointed out that the 
columella of Horneophyton, surprisingly, is 
continuous with the “‘ phloem ”, not the 
xylem, of the axis. Lignin is believed 
totally absent in the bryopsids. When 
and where did it originate? I think it is 
probable that this happened at the level 
of the Rhyniaceae. Careful reading of the 
original publications, and handling of very 
many actual preparations, underlines the 
quite remarkable difference in preser- 
vation of the tracheidal elements in the 
different species of the Rhynie flora. 
Thus we know the nature of the thicken- 
ings of the tracheids of Rhynia gwynne- 
vaughani, but we are reduced to deduction 
in the case of R. major. Could it have 
been that the former possessed lignin and 
the latter lacked it? The difference 
between a bryophyte and a pteridophyte, 
the debatable point of the vascular tissue 
apart, rests on the physical independence 
of the mature sporophyte in the latter 
group. What brings this independence 
about? In most advanced extant forms 
it appears that the sporophyte is free of 
the gametophyte because its early upkeep 
so exhausts the latter that it dies. 
(Indeed, the pteridophyte sporophyte 
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Fics. 33-36 — Outer and inner faces of spores. 
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seems to practise in a much greater degree 
the sin with which the textbook abstrac- 
tion solely taxes the bryophyte sporo- 
phyte.) I suspect that this method of 
gaining independence is secondary, and 
that indeed the development of the 
haustorial habit of the embryo is secondary 
in the pteridophytes, but arose prior to the 
splitting off of the bryophytes. 

When re-examining Horneophyton dur- 
ing the present study, I noted some es- 
pecially well preserved spores. The de- 
tails have apparently never been des- 
cribed. On the outer face of the spore 
( Fig. 33, from slide Hemingway 439.20 ) 
small protuberances are joined in rows, 
the markings on the inner faces ( Fig. 34) 
are offset by broad smooth strips from the 
triradiate ridge. The total pattern is 
quite unusual. It happens to correspond 
to the pattern characteristic of the rather 
primitive fusiformis-complex in the 
genus Anthoceros (cf. Figs. 35, 36, of A. 
caucasicus?, from Proskauer, 1958b). I 
present the fact without comment. 


2. I am indebted to A. L. Abramova and I. I. 
Abramov, Leningrad, for locating the original 
place of publication of this species. The full 
citation is: Anthoceros caucasicus Stephani in 
Woronow, Bulletin du Musée du Caucase, Tiflis 
8:87, 1914. 
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Figs. 33, 34. Hovneophyton lignieri. ‘ Rhynie 


Figs. 35, 36. Anthoceros caucasicus. ‘“ Transcaucasia ”’ ( A502 ). 


The above discussion is essentially 
restricted to the Anthocerotidae. As to 
my opinions on the origin of the remaining 
bryopsids I do not wish, at this stage, 
to go beyond my recent presentation 
(Proskauer, 1958a) of the cytological 
evidence suggesting the derivation of the 
typical karyotype of liverworts from a 
karyotype similar to that typical of 
hornworts. I do not concur in Tatuno’s 
( 1959 ) opinion on this point. 


Summary 


The cells in the columellae of Antho- 
cerotaceae are typically devoid of spiral 
thickening even in those genera ( Dendro- 
ceros, Megaceros ) in which the compound 
elaters possess it. Two exceptional cases 
have come to light. 

1. In Dendroceros crispus the cells of the 
outermost layer only of the columella 
regularly begin to form spiral thickenings 
which is still incomplete when dehiscence 
causes the cells to collapse. This thickening 
differs from that of the elaters. It is appa- 
rently functionless, although it is a normal 
feature of the plant. A similar thicken- 
ing occurs in the lining layer of the jacket. 

2. In a Megaceros from Hawaii the 
columella shows considerable irregularity. 
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It may contain some spirally thickened 
cells, and sometimes it may even break up 
and lose its identity as a columella. The 
thickening here is like that of the elaters 
at the corresponding level. 

The second case seemingly just parallels 
the tendency seen in Notothyladaceae of 
the merging of columella and sporogenous 
tissue. The first case, however, is inter- 
preted as being in accord with the postu- 
lated derivation of Anthocerotales from 
Psilophytales. Comparison is made with 
the‘ tapetum ”’, which occupies an identical 
position in the sporangium of Horneophy- 
ton. Phylogenetic problems are discussed. 

It is suggested that the spirally thicken- 
ed elaters in the capsule of Dendroceros 
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constitute, prior to dehiscence, a water 
conducting system. 

Illustrations are provided of the type 
material of Dendroceros crispus, and the 
spores of Horneophyton. The latter 
have the same peculiar pattern of 
markings otherwise characteristic of the 
fusiformis-complex in the genus Antho- 
ceros. 

My special thanks are due to Dr Harvey 
A. Miller, Oxford, Ohio, for placing his 
excellent Hawaiian anthocerote collections 
at my disposal. All the photographs 
were taken by Mr Victor Duran. The 
paper was completed under National 
Science Foundation Research Grant 
G8701. 


Specimens Cited 


Anthoceros caucasicus Stephani in Woronow 
TRANSCAUCASIA. Between Sarp and Makrial, 
“ Lazistania Rossica’’ (? Turkey). Leg. 
G. N. Woronow, nr. 84. viii. 1910. Cotype. 
Hb. G. 
Dendroceros cichoraceus ( Montagne ) Gottsche 
CHILE. Leg. C. Gay. Isotype. Stock packet 
in Hb. General, P. 
Dendroceros crispatus (W. J. Hooker) Nees 
Braziv. Serra dos Orgaös. Leg. G. Gardner, 
nr. 33. Hb. K. 
Dendroceros crispus (Swartz) Nees 
BraAzıL. Serra do Frade. Leg. G. Raddi. 
Isotype of Dendroceros brasiliensis ( Raddi ) 
Nees. Hb. de Candolle, G. 


Hawai 5. Papali Gulch, Hauula, Koolau 
Range, Oahu Isl. Leg. H. A. Miller, nr. 
2615. 26x. 52. Spiritus. 


Hawai 6. Kaimu Bay, Puna, Hawaii Isl. 
Leg. M. Doty & M. Kim, nr. 13220, comm. 
H. A. Miller. 

Jamaica. “in montibus altis Liguaneis ’ 
(“in the mountains of New Liguanee ” — P. 
Browne; meaning apparently the mountains 
closely NW of Kingston, rather than the 


whole of the Blue Mountain range ). 
O. Swartz. Lectotype, Hb. S-PA; 
lectotype, Hb. G. 

St. HELENA. Diana’s Peak. Leg. J. D. 
Hooker. ii. 1840. Type of D. adglutinatus 
(J. D. Hooker et Taylor) Nees. Hb. 
Taylor, NY. (The material in Hb. Taylor, 
bearing my annotation, is hereby desig- 
nated as Lectotype ). 

Horneophyton lignieri ( Kidston et Lang ) Barg- 
hoorn et Darrah 

RHYNIE CHERT. Rhynie, Aberdeenshire, 
Scotland. Isotype. Preparation W. Heming- 
way, nr. 439.20. Hb. UC. 

Megaceros sp. 

Hawai. 7. Alakai swamp at side of Wainiha 
Valley, Kauai Isl. Leg. H. A. Miller, nr. 
3287. 3. i. 1953. Spiritus. 

Hawai 8. 9.5 Km below Kulani Prison, 
Mauna Loa, Hawaii Isl. Leg. H. A. Miller, 
nr. 5274. 25. vi. 1953. Spiritus. 
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. Entries such as “(A583)” in the descrip- | 
tions of the illustrations refer to permanent 
preparations in my collection. 
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SPOROCARPON AND ALLIED GENERA FROM THE 
AMERICAN PENNSYLVANIAN* 


ROBERT W. BAXTER 
Department of Botany, University of Kansas, Lawrence, Kansas, U.S.A. 


Introduction 


The genus Sporocarpon was established 
by Williamson (1878) with the generic 
concept being amplified and new species 
described in a subsequent publication in 
1880. Williamson’s slides were re- 
examined by Hutchinson (1955) and a 
number of Williamson’s species reclassi- 
fied into the new genera Mycocarpon and 
Dubiocarpon. 

Williamson’s original description was 
based on small ( 275-700. ) spherical, non- 
vascular objects which he referred to as 
“conceptacles ” consisting of a wall of 
parenchymatous cells surrounding a cen- 
tral cavity. Hutchinson (1955) redes- 
_ cribed Sporocarpon pachyderma as Myco- 
carbon pachyderma on the basis of its 


parenchymatous wall being shown to 
consist of septate hyphae. The genus 
Dubiocarpon was created to include 
Williamson’s S. elegans, S. compactum and 
S. tubulatum which differ from the type 
species in having a wall consisting of a 
single layer of radially elongated cells. 
Sporocarpon cellulosum (the type species ) 
and S. asteroides were retained in the 
original genus with the amended descrip- 
tion, ‘ Spherical bodies containing a 
spherical cavity and showing no sign of 
vascular tissue. The tissue surrounding 
the cavity consists of parenchymatous 
cells. It has no definite boundary, 
but exhibits an irregular surface of 
broken cells. The structures show no 
other sign of attachment to a parent 
plant.” 


*This is a part of a general study of the Coal-Age Flora of Kansas supported by the National 


Science Foundation. 
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Since Sporocarpon furcatum Dawson 
(1888 ) has been transferred to the genus 
Foerstia by White & Stadnichenko (1923), 
the spherical bodies now included in the 
three genera, Sporocarpon, Mycocarpon 
and Dubiocarpon have, up to this time, 
been reported solely from the coal balls 
of the Upper Foot Coal of Lancashire and 
the Halifax Hard Bed of Yorkshire, 
England. 

The purpose of the present paper 1s to 
announce the discovery of such objects 
from several localities of Pennsylvanian 
age in the mid-western United States. 

The first group of the new specimens to 
be described is from coal ball material 
collected at the Pittsburg-Midway Coal 
Mine near Halowell, Kansas, and is 
assignable to the genus Sporocarpon. 

The second group of specimens to be 
described was found in sandstone nodules 
in the Chanute Shale of Kansas City, 
Missouri, and is assignable to the genus 
Dubiocarpon. 


Sporocarpon spinatus sp. nov. 


SPECIFIC DIAGNOSIS — Spherical struc- 
tures with an apparent maximum diameter 
of 700-800 u. and a spherical central cavity 
of 350-400 u in diameter. Wall of the 
sphere is 4-6 cells thick. Cells loosely 
arranged are round-oval in shape showing 
wheel-shaped patterns in tangential sec- 
tions, Peripheral cells prolonged as spine- 
like hairs up to 300 u long are, however, 
usually broken to shorter lengths... Ex- 
ternal walls of peripheral cells are thicker 
than others, possibly possessing cuticle. 
Smaller spheres may be produced as 
“ bud-like ” outgrowths. 

The specific name refers to the spine- 
like projections of the peripheral cells. 

STRATIGRAPHIC OCCURRENCE — Fleming 
coal of the Cherokee shale ( Des Moines 
group of Pennsylvanian Age ). 

The description is based on a single 
specimen found in coal ball M-897 from 
the Fleming coal of the Pittsburg-Midway 
mine which is lower-middle Pennsyi- 
vanian in age. The specimen consists of 
a spherical structure 720 u in diameter. 
The wall of the sphere is made up of 
loosely arranged oval-round parenchyma 
Cells 4-6 cells deep and averaging 180 u. in 


[ March 


thickness. The internal cavity is 350 win 
diameter and is devoid of any loose cells 
or ‘‘ membranes ”” such as have been des- 
cribed as occurring in some of the English 
species. 

The cells lining the central cavity are 
compactly arranged so that the internal 
wall is quite smooth. While the paren- 
chyma cells of the rest of the wall are in 
general loosely arranged, there is a ten- 
dency ( when observed in tangential sec- 
tion) for certain groups of 5-7 wedge- 
shaped cells to be oriented in wheel-like 
patterns surrounding a single-round cell 
(Fig. 3). The peripheral cells of the 
sphere may be broken or project outwards 
as blunt knobs or as radiating unicellular 
hairs up to 300 yp in length (Fig. 2). 
From a study of both radial and tangen- 
tial sections I am of the opinion that 
probably all of the peripheral cells are 
radiated outwards as uniseriate hairs in a 
similar fashion to that illustrated by 
Williamson ( 1880) in his plate 17, Figs. 
26 and 28 of Sporocarpon ( Dubiocarpon ) 
elegans. The apparent difference in sur- 
face cell length appears to be due to the 
plane of the sections relative to the elon- 
gation of the hairs. Since the hairs pro- 
ject outwards in all directions from the 
sphere surface, none of the tangential 
sections and few of the radial sections show 
anything near a complete hair. It seems 
likely that the broken appearance of the 
outermost wall cells, described by both 
Williamson and Hutchinson as a charac- 
teristic of Sporocarpon, may be due, in 
this specimen at least, to the breaking off 
of certain of these hair cells prior to pre- 
servation rather than the result of the 
spherical structure having been torn out 
of an enveloping parenchymatous tissue, 
In fact other than the occasional torn cell, 
due to a hair having been broken off the 
outer surface, the sphere is remarkably 
regular so that a median section has the 
appearance of a radially symmetrical ring 
(Fig. 1). In some of the sections the 
peripheral cells are characterized by what 
seems to be a brown cuticle layer. 

In several of the median sections an 
additional small sphere appears to be pre- 
sent as a “ bud ” outgrowth on one side 
of the wall. This small “ bud” measures 
220 y in diameter, Its cavity is 100 u 
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Fics. 1-6 — Fig. 1. Sporocarpon spinatus, median-radial section. ““ Bud’ outgrowth (B) on 
right. Bases of spine-like hairs shown at (S). x 90. Fig. 2. Sporocarpon spinatus, tangential 
section showing concave wall at edge of central cavity. (B), bud; (S), spine-like hairs. x 75. Fig. 3. 
Sporocarpon spinatus. Cellular detail of tangential section of sphere wall: note wheel-shaped 
patterns of cells. x 280. Fig. 4. Sporocarpon cellulosum, median-radial section through sphere. 
x 120. Fig. 5. Sporocarpon asteroides, median-radial section through sphere. x 120. Fig. 6. 
Sandstone nodule containing 5-6 specimens of Dubiocarpon major in area marked off by white line. 
x 1. 
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across and the multicellular wall, 2-3 cells 
wide, measures 60 y in thickness ( Figs. 
1972). 

Kerken spinatus differs from S. 
cellulosum in the shape and arrangement 
of wall cells and from S. asteroides in its 
absence of multicellular conical rays. 


Sporocarpon cellulosum 
( Williamson ) Hutchinson 


Several specimens identifiable as Sporo- 
carpon cellulosum have been found in coal 
ball M-1144 from the Kansas Fleming 
coal. Figure 4 shows the typical “ fan- 
shaped ” rows of cells which Williamson 
(1878) described and which Hutchinson 
(1955) maintained as a diagnostic fea- 
ture of the species. The spherical central 
cavity measures 230 u in diameter. The 
wall cells measure 25 u by 15 u with tangen- 
tial width being the greater. The radial 
walls are thicker than the tangential ones, 
the latter as a rule being very poorly pre- 
served in our specimens. The cells are 
arranged in radiating fan-shaped rows of 
varying lengths so that the external shape 
is quite irregular. Accordingly, measure- 
ments of the overall diameter of the 
sphere range from 500 u to 360 x depend- 
ing on whether they are made across the 
thick or thin areas of the wall. 

The specimens seem identical in every 
respect to Williamson’s original descrip- 
tion and figures ( Williamson 1878, Fig. 
75B ) and thus add nothing to our know- 
ledge of the objects themselves. How- 
ever, due to their apparent limited occur- 
ence, their presence along with the other 
species described here may indicate some 
closer stratigraphic age relationship be- 
tween the Halifax coal of Yorkshire and 
the Fleming coal of Kansas than is pre- 
sently thought to be the case. 

Several specimens of Sporocarpon aste- 
roides (Williamson ) Hutchinson have 
been found in coal ball M-1168 from the 
same coal seam described above for S. 
spinatus and S. cellulosum. They consist 
of minute structures containing a spher- 
ical cavity 200 » in diameter surrounded 
by a parenchymatous tissue consisting of 
small (ca. 15 1) cells of irregular shape. 
The wall tissue varies in thickness from 
2 cells to conical outgrowths of 6-7 cells 
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(Fig. 5). Smaller spherical objects 
around 80 u in diameter resembling cuti- 
cular remains of spores are sometimes 
present within the central cavity. The 
specimens are poorly preserved and pre- 
sent no observable features differentiating 
them from the material of Williamson and 
Hutchinson. 

A feature in all of the specimens which 
may, or may not, be due to the poor pre- 
servation is the consistent presence of 
a brown non-cellular substance surround- 
ing the peripheral cells. While my first 
interpretation was that it was the re- 
sult of degradation of the outer cells, it 
does show considerable similarity to the 
“plastic substance”. Williamson (1880) 
describes as a feature of the genus Tra- 
gairia, another of the puzzling spherical 
forms. 


Dubiocarpon major sp. nov. 


SPECIFIC DIAGNOSIS — Spherical struc- 
tures up to 1800 uw in diameter with an 
average diameter of approximately 1200 py; 
containing a central spherical cavity up to 
900 uw in diameter with an average for the 
majority of the specimens of 600 u. The 
wall consists of a single layer of radially 
elongated club-shaped cells 300-450 u in 
length with an average width of 55 u when 
measured near the outer surface of the 
sphere; tapering slightly to a width of 
40 u at their inner ends. Cells compact- 
ly arranged. Outer surface of sphere 
smooth. No internal membranes or loose 
cells observed in the central cavity. 

STRATIGRAPHIC = OCCURRENCE — Cha- 
nute Shale, Kansas City group, Missouri- 
Series of Pennsylvanian age. The mate- 
rial was collected by Mr. J. B. Kleihege 
of Kansas City, Missouri. The specific 
name recognizes the greater size more 
than twice that of the previously known 
species. 

These spheres occur in sandstone 
nodules. Splitting of the nodules ex- 
poses them on the fractured surfaces 
(Fig. 6) and it is often possible to pick 
them out of the rock as free, smooth 
surfaced spheres ( Fig. 7). Their internal 
structure was examined from ground 
sections (Figs. 9, 10) and from spheres 
broken in half in the process of splitting 
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Fics. 7-10 — Dubiocarpon major. Fig. 7. Individual spheres arranged to show their size and 
shape. x 3:5. Fig. 8. Appearance of broken sphere on surface of sandstone nodule. x 40. Fig. 9. 
Thin ground section of a nodule showing abundance of spheres in a tangle of “ hyphae ” threads. 
x 20. Fig. 10. Close-up of part of two spheres showing “ hyphae ’’ filaments between them. x 75. 
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the enclosing nodules (Fig. 8). Each 
sphere consists of a small central cavity 
surrounded by a single layer of compact 
wedge-shaped cells and covered on the 
outer surface with a smooth wall which 
appears to consist of closely interwoven 
hyphae, although the preservation is not 
sufficiently good to be certain on this last 
point. The preservation of the radially 
elongated cells is poor and little detail 
other than their general dimensions can 
be observed. > 

The outer smooth ‘“ shell” is seldom 
apparent in thin sections indicating that 
comparable structures might be missed 
if the objects were observed only in this 
form. Figure 10 shows a group of spheres 
in a tangle of non-septate hypha-like cells 
which average 35 „in width. No attach- 
ment of hyphae to the spheres was observ- 
ed, although there is a close similarity 
between the free hyphae around the 
spheres and the tissue forming the sphere 
covers. Hutchinson’s description of Du- 
biocarpon elegans mentions septate cells 
resembling fungal hyphae inside the 
sphere cavity while one specimen of Myco- 
carpon (Sporocarpon ) pachyderma is des- 
cribed as having hyphae running between 
the cells and out into the surrounding 
matrix. There thus seems to be a gra- 
dually increasing weight of evidence that 
Dubiocarpon as well as Mycocarpon may 
be some sort of fungal structure. 


Discussion 


The assignment of the Chanute Shale 
spheres to Dubiocarpon may be disputed 
on the basis of their much larger size and 
thin outer wall seemingly composed of 
interwoven hyphae. However it is felt 
that their characteristics fall within the 
limits defined by Hutchinson (1955 ) for 
the genus since, as described earlier, the 
distinct outer wall is obvious only in the 
whole specimens and would have been 
easily overlooked in Williamson’s thin 
sections. Accordingly taking into account 
the different types of preservation ( coal 
balls vs. sandstone nodules ) the similar- 
ities seem more important than the dif- 
ferences. ' 

While some of the spherical “ concep- 
tacles ” originally described by William- 


son have now been assigned to the fungi, 
the majority of the genera ( Sporocarpon, 
Dubiocarpon, Traquairia, Oidospora ) still 
constitute a complete morphological and 
taxonomic puzzle. Dubiocarpon major, 
while associated with cells similar to non- 
septate hyphae, has little other fungal 
characteristics. The production of 
“ daughter spheres ” as a result of bud- 
like outgrowths from the surface of Sporo- 
carpon spinatus is reminiscent of algal 
propagules but otherwise inconclusive as 
to significance. The possibility that vege- 
tative reproduction was by budding is 
supported, however, by Hutchinson’s Fig. 
2 of Mycocarpon where two specimens 
are shown to have a common central 
wall. 

The wheel-shaped cellular patterns 
found in the wall of Sporocarpon spinatus 
are intriguingly similar to Williamson’s 
(1878) drawings of Ozdospora anomala 
which he found as isolated structures but 
considered that it might represent “ very 
young forms ” of Sporocarpon. 

The presence of spherical ‘‘ membranes ”” 
in the central cavities has been described 
by both Williamson and Hutchinson. In 
our specimens of Sporocarpon asteroides, 
the structures in the cavities have a strong 


‘resemblance to the cuticular walls of 


spores. The presence of what appears to 
be cuticle has also been observed on the 
peripheral cells of Sporocarpon spinatus. 

McLean (1922) removed the entire 
group from the field of palaeobotany by 
assigning them to the protozoa, Class: 
Rhizopoda. He established a new family, 
the Traquairidae, in which he included 
the genera, Traquairia, Sporocarpon, Oido- 
spora and Zygosporites. He considered 
the walls to be chitinous and described 
them as consisting of radially arranged 
tubes with proximal and distal pores 
connecting the sphere cavity with the 
exterior. 

The weight of his evidence is based on 
Sporocarpon compactum, Sporocarpon ele- 
gans and Shorocarpon tubulatum which 
Hutchinson (1955 ) included in his genus 
Dubiocarpon. As Hutchinson’s name im- 
plies, these forms constitute an enigmatic 
group and may possibly not even be plants 
although the structure of Dubiocarpon 
major and its close association with non- 
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septate hyphae make it more comparable 
to the fungi than any other group. 

However, when one considers the other 
species of Sporocarpon, Ss cellulosum, and 
S. asteroides, there is absolutely no justi- 
fication for viewing them as anything but 
thallophytic plants and even McLean was 
unable to show anything in his illus- 
trations remotely resembling tubular 
wall structure. Our Sporocarpon spinatus 
also is clearly composed of parenchyma- 
tous plant cells and belongs with the 
above species as treated by Hutchinson 
61955°). 

The genus Pachytheca Hooker known 
from Upper Silurian and Lower Devonian 
deposits is quite similar to Dubiocarpon 
in general appearance. It seems un- 
likely, however, that a group which 
appears to have such a narrow horizon in 
the Pennsylvanian would be also repre- 
sented in the Upper Silurian and Lower 
Devonian. In addition, Schmidt’s (1958) 
description based on a number of well- 
preserved specimens of Pachytheca reti- 
culata shows several features quite distinct 
from Dubiocarpon major, These are the 
presence of reticulate strands in the 
central cavity and differentiation of con- 
centric zonation in the wall tissue, while 
lacking the smooth outer wall of Dubio- 
carpon major. 


. 
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Schmidt also follows Dawson’s (1882) 
theory that the most likely association of 
Pachytheca is with Prototaxites. As 
Dawson (1882) states ‘‘ Similar bodies 
( Pachytheca ) with similar structure occur 
with fragments of Prototaxites at Cape 
Bon Ami,-—and round carbonaceous 
spots, possibly remains of similar bodies, 
are found in the sandstone of Bordeaux 
quarry. This constant association of 
Pachytheca with Prototaxites, along with 
its similarity of structure, certainly lends 
some probability to the view that they 
belong to the same plant.” : 

Since Prototaxites also is not known from 
strata younger than Devonian, this 
would seem to make it increasingly unlike- 
ly that Dubiocarpon and Pachytheca have 
any close relationship in spite of their 
superficial similarity. 


Summary 


Specimens of the genera Sporocarpon 
( Williamson ) Hutchinson and Dubzio- 
carpon Hutchinson are described from the 
middle Pennsylvanian of the central 
United States. Sporocarpon spinatus and 
Dubiocarpon major are described as new 
species. Sporocarpon cellulosum and Sporo- 
carpon asteroides are described for the first 
time from American coal ball material, 
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A NEW GERMINATION PATTERN «OR THE 
HYMENOPHYLLACEAE 


LENETTE R. ATKINSON 
Amherst College, Amherst, Massachusetts, U.S.A. 


Two types of germination in the 
Hymenophyllaceae have been discussed 
by Stokey (1940), In the hymeno- 
phyllum type, the spore germinating 
within the sporangium is divided first into 
two cells by a cross wall, then into three 
cells by a second wall meeting the first 
at the center of the spore. Growth 
results in a triangular-shaped cushion 
from whose three arms a cell is cut off at 
each tip. The type for Trichomanes, sug- 
gested by Stokey as derivative, differs in 
the absence of the first two walls. Another 
type, possibly a forerunner of the two 
mentioned above, has been observed in 
Mecodium sanguinolentum ( Forster ) Presl 
and in M. scabrum ( A. Rich.) Copel. and 
is the subject of this paper. These two 
species are endemic in New Zealand 
( Copeland, 1938; Dobbie, 1952). Chrom- 
osome counts have been made by Brown- 
lie (1954, 1958) who reports n=72 for 
M. sanguinolentum which is the type 
species, and n=36 for M. scabrum. 

Samples of M. sanguinolentum in the 
North Island were made from the Auck- 
land area (Walker Bush, Waitakere 
Ranges ), at Mount Egmont, at National 
Park ( Chateau Tongariro ), and from the 
Wellington area; in the South Island in 
Westland (Waiho), at Queenstown 
( Waterwork track), in Eglinton Valley 
(Gunn Lake ), and at Milford Sound. M. 
scabrum was collected only in the North 
Island from Walker Bush and Mount 
Egmont. These areas represent altitudes 
from 250 feet ( Walker Bush ) to 3000 feet 
( Mount Egmont ) and latitudes South of 
about 37 to 47 degrees. 
involucre were apparently lacking only in 
the Mount Egmont material. Sporangia 
were dissected out of the involucre and 
some spores and gametophytes were 
examined directly; others were planted 
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on agar and sphagnum. All specimens 
were collected in the summer of December 
1957 - January 1958 from low epiphyte sta- 
tions. Specimens from all regions show 
the same type of germination. 


Mecodium sanguinolentum 
and M. scabrum 


The spore is green, or more strictly 
speaking, it is the young gametophyte 
which is green, for germination takes place 
within the unopened sporangium and 
within the unopened spore coat. In the 
field it is possible to judge the desired stage 
in development by the greenness of the 
sporangium and the color of the annulus. 
Before the annulus has begun to show color 
and when thickened walls are clearly dis- 
tinguishable with a hand lens, only spores 
are found in my material. Under higher 
magnification it is seen that the lumen of . 
the cells of the annulus as well as the 
wall of the sporangium contain chloro- 
plasts. Within the spores themselves a 
few chloroplasts are clustered about the 
nucleus or scattered at the periphery 
which give the spore mass at the center 
of the sporangium a greenish cast. 
The spores begin to germinate within the 
sporangium as the annulus commences to 
turn a yellowish brown. When all the 
cells of the annulus are yellow-brown, the 
sporangium contains an apple-green mass 
of young gametophytes consisting of 12-14 
cells. The sporangial wall is greatly dis- 
tended and does not break easily, resist- 
ing puncture by a dissecting needle to a 
surprising degree. Finally the annulus 
becomes a mahogany red and the spore 
mass a very dark green, completely filling 
the sporangium. When collections of 
these are made after a rain, gametophytes 
consisting of 12-18 cells, with spore coats 
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still attached, come spilling out of the 
sporangium at the slightest touch. When 
it has not rained, sporangia and involucre 
begin to dry out and if the dry period is 
protracted, they turn brown. Quantities 
of spores are lost in this way. 

The spore is spherical or slightly tri- 
angular with a tripartite ridge ( Fig. 1). 
For M. sanguinolentum the average dia- 
meter in my collections is 90 u for speci- 
mens from the North Island and for Mil- 
ford Sound. This falls within the measure- 
ments given by Harris (1955) for the 
Wellington area. In my Gunn Lake and 
Queenstown collections, the spores are 
smaller ( Fig. 2), averaging a diameter of 
60 u. Harris’ lowest figure is 80 p. If 
it follows that increase in spore size is 
correlated with increase in chromosome 
number, then there may be a form of 
M. sanguinolentum with a lower chrom- 
osome number to be found in the South 
Island. Or the smaller spores found there 
may only. reflect climatic conditions: the 
drier the weather, the smaller the spore. 
Spores of my specimens of M. scabrum 
(Fig. 3) have an average diameter of 75 u. 


which falls within Harris’ measurements 
for Lowry Bay, Wellington. The outside 
of the colorless spore coat is irregularly 
granular or papillate. Abortive spores 
were found among viable ones in the 
sporangium of M. sanguinolentum. 

The first two walls in the germinating 
spore divide it into approximately three 
equal cells whose walls lie directly under 
the tripartite ridge ( Figs. 4,5). Second- 
ary walls parallel to the first and appar- 
ently in sequence, cut each of these three 
cells into an outer lens-shaped and an inner 
saucer-shaped cell ( Figs. 6, 7) so that a 
6-celled gametophyte may be found within 
the unopened spore coat. This is essen- 
tially the sequence shown in the hymeno- 
phyllum type of germination by Stokey 
(1940). In M. sanguinolentum and M. 
scabrum, however, at the 6-celled stage, 
there has been only a slight increase in 
size, the gametophyte has not become 
triangular but has remained more or 
less spherical and the spore coat is un- 
opened. 

If the 3-celled gametophytes are 
mounted in water, the coat may open in 


Fics. 1-16 — Mecodium spores and early stages of gametophytes, dissected from sporangium. 
‘Figs. 3, 4, 5, 8, 10. M. scabrum; others, M. sanguinolentum; a, b, tertiary walls. Figs. 1 -3. Spores. 
Figs. 4-8. Early divisions within unopened spore coat, seen from above; in Fig. 8 it is seen from 
below. Fig. 9. Spherical 9-celled plate, spore coat open. Fig. 10. Triangular 9-celled plate within 
3 valves of spore coat. Figs. 11, 12. 10-celled triangular plate and 12-celled spherical plate seen 
from below, spore coat dotted. Fig. 13. 12-celled triangular plate from above. Figs. 14, 15. 11- 
12-celled plate showing 2 positions of walls, a and b. Fig. 16. Lateral view. All x 243. 
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about 15 minutes but in nature a third set 
of walls appears within the unopened 
spore coat. This third set, perpendicular 
to those last formed, divides, in sequence, 
each of the saucer-shaped cells into 
two often slightly unequal cells ( Fig. 8 ). 
Sometimes these 9-celled gametophytes 
tend to be angular in form due to the 
pressure exerted on them in the spor- 
angium by adjacent gametophytes. More 
commonly they are spherical or sub- 
triangular ( Fig. 8). Soon the spore coat 
breaks open and the 9-celled gametophyte 
begins to take on a triangular form, 
expanding within the three valves of the 
spore coat as a plate or cushion, one cell 
thick (Figs. 9, 10, 16). 

Subsequent divisions, which form a 
10-18-celled triangular gametophyte, are 
variable both in time and_ position. 
Usually the lens-shaped cell in one arm is 
divided in a plane parallel to its basal 
wall (Figs. 11, 13, 21) and then per- 
pendicular divisions follow in that arm 
(Fig. 17). Frequently divisions in the 
cells directly below the lenticular cells 
continue in all three arms (Figs. 12, 
14, 15) and a symmetrical subtriangular 
gametophyte is formed. In these gameto- 
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phytes there is often observed an interior 
cell apparently not accounted for in the 
sequence described (Fig. 13). Explana- 
tion of such a case is evident in Figs. 14 
and 15. The walls, a and 6, join the basal 
wall of the lenticular cells at varying 
distances from each other (Fig. 14). If 
b joins a ( Fig. 15) and does not reach 
the basal wall of the lenticular cell, an 
interior cell is formed (Figs. 13, 15). 
Sometimes a 7-celled gametophyte is 
observed as shown in Fig. 19. The two 
lower arms appear to have undergone no 
divisions after the first two in the spore, 
while five cells have been formed in the 
upper arm. This could lead to such 
gametophytes as are shown in Figs. 20 
and 22 if belated divisions following the 
usual pattern occur in the lower two arms. 
However, gametophytes like those in 
Fig. 19 could equally well have developed 
from occasional gametophytes whose six 
cells are arranged as in Fig. 18. Fre- 
quently one or more lenticular cells 
undergo an oblique division c ( Figs. 23, 
24). One of the products of this division 
may give rise to a rhizoid ( Fig. 24) or 
both products of this division may enter 
into the formation of the ribbon-shaped : 


Fies. 17-25 — Mecodium, development of gametophyte within sporangium. Figs. 18, 21, 25, 


M. scabrum; others, M. sanguinolentum. 


in Fig. 18, with and without spore coat 
Fig. 22. 17-celled plate. y “a 


phyte; the spore coat is beginning to open. 


| Fig. 
Fig. 18. Less common type, within closed oo 


17. Further development of stage in Fig. 11. 


Figs. 19, 20. Further development from type 


Fig. 21. Early growth from one arm of triangul ] 
i Fig. 23. Triangular plate, obli ivisi i i pote 
Fig. 24. 14-celled triangular plate with ee sahne ee 


All x 243. 


25. Unusual 8-celled gameto- 
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thallus which, therefore, may be two cells 
wide from the beginning ( Fig. 32 ). 

There are doubtless other variations 
produced by delay in the formation or 
suppression of certain walls but those 
described above are the most usual. None 
were found showing the more simple early 
gametophyte of other known Hymeno- 
phyllum species sen. lat., yet the general 
plan is undoubtedly hymenophylloid. 

Eventually, whatever the earlier se- 
quence, a filament grows from the tip of 
one arm (Figs. 21, 24). The filament 
may be produced when the gametophyte 
consists of 9 cells ( Fig. 26a) presumably 
under favourable conditions for quick 
growth, but more often it is not produced 


so early, especially in M. sanguinolentum. 
Broadening of the distal end of the 
filament takes place, first by perpendicular, 
later by oblique, divisions (Figs. 26a, 
28b). These divisions do not at first 
extend to the base of the filament which 
has clearly arisen from the triangular 
gametophyte as a single cell ( Figs. 26a, 
28a, 30, 31). In M. sanguinolentum, three 
months after planting the several-celled 
gametophytes, thalli 3-4 cells wide were 
observed with brown marginal rhizoids 
( Figs. 27; 28a). The first antheridia ap- 


peared at this time in my cultures of M. 
sanguinolentum but in those of M. scabrum 
growth was slower and no antheridia were 
seen even seven months after planting. 


Fics. 26-34 — Mecodium ( Figs. 27-33, M. sanguinolentum; Figs. 26, 34, M. scabrum). Fig. 


26a, b. 


thallus; b, distal tip in agar culture. x 55, x 243. 


30. Detail of basal region of branched thallus. 
Detail of basal region, after 6 months. x 112. 


a, initiation of ribbon-like thallus from 9-celled plate; b, detail of a rhizoid. x 243. 
Fig. 27. Thallus with 2 antheridia in agar culture after 3 months. X 55. 


Fig. 28a, b. a, entire 
Fig. 29. Branched thallus. x 112. Fig. 
x 80. Fig. 31. Branched thallus. x 55. Fig. 32. 


Fig. 33a-e. a, outline drawing of thallus with 2 


antheridia, after 6 months; b, detail of tip; ©, detail of widest part; d, detail of base; e, antheri- 


dium, on sphagnum. 


leaf, outer layers of small cells, middle layer of large cells. 


a) x 22; by x 112; c,d, x 80; ¢,°x 243. 


Fig. 34. Detail of 3 layers of 
x 102. 
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After six months, thalli of M. sanguino- 
lentum had become nine cells wide in 
the broadest part ( Fig. 33c) and antheri- 
dia were still. being sparingly produced 
(Fig. 33a). At this stage broadening had 
taken place at all points along the thallus 
and the pattern of development of the 
original gametophyte can no longer be 
followed with certainty. It is possible that 
a filament which is 2-celled at the base 
( Fig. 32) may have arisen at the time of 
the broadening of the thallus as well as 
at an earlier stage from a 4-celled gameto- 
phyte. In six and a half months’ time 
nearly every peripheral cell of the original 
triangular gametophyte of M. sanguinolen- 
tum seemed capable of producing either a 
plate or a rhizoid ( Figs. 29, 33d). This 
is in contrast to the Hymenophyllum 
species investigated by Stokey (1940) 
where, sooner or later, growth in one arm 
dominates. This capacity for growth 
retained by older cells is found also in the 
thallus of the Schizaeaceae and is con- 
sidered to be primitive. When the plate 
is initiated in Lygodium, Anemia and 
Mohria, divisions extend backward to 
include most or all cells of the original 
filament. This does not appear to occur 
in the higher ferns. The apex of the 
thallus of M. sanguinolentum, six and a 
half months after planting, showed no 
proper apical cell but rather an apical 
meristem operating in the manner of 
marginal growth ( Fig. 33b). This is also 
reported by Stokey for other species of 
Hymenophyllum. 

The first rhizoids are short and pro- 
duced from one or both lower arms of the 
triangular gametophyte (Figs. 24, 26a, 
30). They do not appear until the thallus 
has become triangular and are formed as 
described by Stokey (1940). They be- 
come brown very early and sometimes 
exhibit a renewal of growth as shown by 
the broken sheath of the outer wall 
( Fig. 26b ). Later rhizoids are longer and 
marginal (Figs. 29, 33a). They often 
fork, a characteristic of the Hymeno- 
phyllaceae, as Stokey (1940) among 
others points out. 

The triradiate arms of the young 
gametophyte lie at first within the three 
valves of the spore coat (Figs. 10, 24, 
26a). The coat is not found on older 
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thalli, except in those cases, perhaps more 
frequent than supposed, where it is caught 
on a rhizoid ( Figs. 28a, 30, 32, 33d ). 

Seven months after planting many 
antheridia dot the surface and margins 
of the vigorous green ribbon-like thalli of 
M. sanguinolentum. The antheridium 
( Fig. 33e) is a large complicated structure 
and similar to those characteristic for the 
Hymenophyllaceae ( Stokey, 1940 ). 

Seven months after planting all cultures 
were lost and no information was obtained 
concerning archegonia or older thalli. 


Other New Zealand 
Hymenophyllaceae with Large Spores 


Cardiomanes reniforme (Forster) Presl. 
Fairy Falls track, Waitakere. Harris 
51(56)63 u, Wellington 

Mecodium rarum (R. Br.) Copel. Chateau 
Tongariro, Nat. Park. Harris 49( 53) 
56 u, So. Auckland 

Mecodium  dilatatum (Forster) 
Walker Bush, Waitakere 65 u. 

Mecodium pulcherrimum (Colenso ) Copel. 
Mount Egmont 61 x 


Copel. 


Meringium multifidum (Forster) Copel. — 


Walker Bush, Kare Kare, Auckland 
area; Routeburn Valley, Queenstown 
area, South Island. Harris 65( 59 )63 u. 
Meringium bivalve . (Forster) Copel. 


Mount Egmont, Queenstown 50-4 u 


Harris 54( 57 )63 u 

In searching for other filmy ferns in New 
Zealand showing the same type of germin- 
ation or for suggestions as to the origin 
of the complex early gametophyte of 
Mecodium sanguinolentum and M. scabrum, 
it is reasonable to search among other 
large-spored species. The list in New 
Zealand is by no means exhausted by the 
species named above but represents as 
varied a collection as time and oppor- 
tunity permitted. There remain a number 
of them for examination by someone 
closer to the area, notably Hymenophyllum 
armstrongit, Meringium minimum, Meco- 
dium rufescens and most especially M. 
villosum, a fern thought to be a mountain 
form of, or at least closely related to, M. 
sanguinolentum ( Holloway, 1923; Dobbie, 
199529: 

In the species listed above, Cardiomanes 
reniforme, Mecodium dilatatum, M. pulcher- 


1960 ] ATKINSON — NEW GERMINATION PATTERN FOR HYMENOPHYLLACEAE 31 


rimum and Meringium multifidum are 
endemic, M. rarum is confined to New 
Zealand and Australia, and Meringium 
bivalve confined to New Zealand and 
Queensland, Australia. I do not find 
. published chromosome numbers for Meco- 
dium pulcherrimum, but for the first three 
species n=36 and for the last two, 
n=26 and n= 22 respectively ( Brownlie, 
1954, 1958 ). 

The common type of germination in 
these species is the hymenophyllum type 
( Figs. 35-39, 41-44, 46, 66, 67, 79-82, 85-89, 
92-96). This has already been reported 
briefly by Mettenius ( 1864 ) for Meringium 
bivalve, by Goebel (1888) for Mecodium 
dilatatum and by Holloway (1930) for 
M. pulcherrimum and Cardiomanes. No 
variants from this type were observed in 
my specimens of Cardiomanes, Mecodium 
rarum and Meringium bivalve but the 
material may have been too scanty. 

In Mecodium dilatatum an aberrant 4- 


celled gametophyte is found in which the. 


third wall, instead of cutting off a lenti- 
cular cell at the tip of one arm, curves 
inward and joins the first wall, a short 
distance from the center of the spore 
(Fig. 40). This seems to be a variant 
regularly found in a number of other 
species as noted below and was even 
observed once in my Waitakere collection 
of M. sanguinolentum (Fig. 25). Stokey 
(1940, Fig. 11a) figures such a gameto- 
phyte for Hymenophyllum ( Mecodium ) 
blumeanum. Whether the gametophyte 
develops further in Mecodium dilatatum is 
uncertain. In my material, all stages 
showing the initiation of a ribbon-like 
thallus by perpendicular and oblique walls 
begin in the usual fashion ( Figs. 41, 42). 
M. pulcherrimum shows two unusual 4- 
celled variants. One observed at a 
slightly later stage ( Fig. 45) is similar 
to that described for M. dilatatum 
(Fig. 40). The other, much reduced 
by the suppression of certain of the usual 
walls, is capable of further growth 
( Fig. 47a, b) and probably not lost in the 
population. In Meringium multifidum a 
4-celled variant observed first within the 
spore coat (Fig. 83) commonly persists 
through the opening of the spore ( Fig. 84 ) 
and possibly gives rise to a filament which 
is 2-celled from the beginning ( Fig. 90 ). 


When broadening is initiated in two arms 
of such a 4-celled gametophyte, one is 
2-celled from the beginning, the other is not 
(Fig. 91). In M. multifidum then there is 
another instance of thalli developing from 
two sources: one produced from a 3-celled, 
the other from a 4-celled gametophyte. 


Certain Medium-sized 
and Small-spored Species 


Mecodium flabellatum (LaBill) Copel. 
Walker Bush, Waitakere 38 u 
Mecodium demissum (Forster) Copel. 


Walker Bush; Taupo area (Opepe) 
Harris 34( 41 )49 u 
Hymenophyllum revolutum Colenso Walker 
Bush 40 u 
Hymenophyllum peltatum Desv. Queens- 
town, South Island. 32-4 u 
Sphaerocionium lyallit ( Hooker) Copel. 
Walker Bush 29 u 
Selenodesmium elongatum (A. Cunn.) Copel. 
Walker Bush 28-4 u 
Of the species examined from the New 
Zealand flora there remain six listed above, 
of which three, Mecodium demissum, 
Hymenophyllum revolutum and Sphaerocio- 
nium lyallii are confined to New Zealand; 
two, Selenodesmium elongatum and M. 
flabellatum spreading to Australia and the 
latter to Tahiti; one, Hymenophyllum 
peltatum, more widely spread ( Copeland, 
1938 ) and investigated because of its low 
chromosome number, n=11 ( Brownlie, 
1958). H. revolutum (n=22) has twice 
that number and Mecodium flabellatum and 
M. demissum have the same chromosome 
number (n—36) as M. scabrum and 
others of the large-spored group. 


These 6 species usually show the 
hymenophyllum type of germination 
( Figs. 48-52, 56, 58-62, 68-77). No 


variants were found in Hymenophyllum or 
in Selenodesmium elongatum, perhaps be- 
cause of insufficient material. Mecodium 
flabellatum which is not uncommon 
throughout New Zealand and has spread 
to Tahiti shows, as well, the 4-celled 
gametophyte (Fig. 53) within the spore 
coat already observed in M. dilatatum 
(Fig. 40) and another (or the same ? ) 
shown in Fig. 54 and also described above 
in Meringium multifidum ( Figs. 83, 84). 
The last occurs frequently and during 
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Fics. 35-78 — Germination and early stages of gametophyte. Figs. 35-37. Mecodium rarum. 


nd 4- and 6-celled triangular plate. x 243. Figs. 38-42. M. dilatatum. Fig. 38. Spore. 
oe EN 39-40. 3- and 4.celled ate. x 243. Figs. 41, 42. Initiation of ribbon-like thallus. 
x 112. Figs. 43-47. M. pulcherrimum. Fig. 43. Spore. x 243. Fig. 44. Usual 3-celled type. 
x 243. Fig. 45. 4-celled plate. x 112. Fig. 46. Beginning of filament. x 112. Fig. 47a, be aq 
unusual 4-celled stage; b, later stage. a, x 243; b, x 112. Figs. 48-57. M. flabellatum. Fig. 48. 
Spore. x 243. Figs. 49-52. Usual stages in development, hymenophyllum type. Figs. 48-51. x 243. 
Fig. 52. x 112. Figs. 53, 54. Frequent 4-celled stage. x 243. Figs. 55, 57. Later development from 
4-celled stage. x 179. Fig. 56. Branched thallus, hymenophyllum type. x 112. Figs. 58-65. M. 
demissum. Figs. 58-62. Usual stages in development, hymenophyllum type. Figs. 58-60. x 243. 
Figs. 61, 62. x 112. Figs. 63-65. Unusual stages. Figs. 63, 64. x 243.; Fig. 65. x 112. Figs. 
66, 67. Cardiomanes reniforme. Fig. 66. Spore. x 243. Fig. 67. Usual stage in development, 
hymenophyllum type. x 112. Figs. 68-70. Hymenophyllum peltatum. Fig. 68. Spore. x 243. 
Figs. 69, 70. Stages in development of thallus, hymenophyllum type. x 112. Figs. 71, 72. H. 
vevolutum. Spore and 3-celled plate. x 243. Figs. 73, 74. Selenodesmium elongatum. Spore 
and 3-celled plate. x 243. Figs. 75-78. Sphaerocionium lyallii. Figs. 75. Spore. x 243. Figs. 


76a, b. 2- and 3-celled plate. x 243. Fig. 77. Usual development of thallus, hymenophyllum 
type. x 243. Fig. 78. Aberrant form. x 243. 


subsequent growth, filaments or rhizoids 
are produced from at least 3 of the 4 cells 
(Figs. 55, 57). The dilatatum variant 
(Fig. 40) appears also in M. demissum 
(Fig. 63) and persists through the 
opening of the spore coat at least to the 
6-celled stage, occurring rather frequently 
in my material along with an intermediate 
type ( Figs. 64, 65) in which the second 
wall in the spore is suppressed as well as 


one or two divisions in the arms. This 
last variant also appears infrequently in 
Sphaerocionium lyallii ( Fig. 78). 


Discussion 


Germination and early stages of the 
gametophyte in Mecodium sanguinolen- 
tum and M. scabrum follow the general 
plan described by Stokey and others for 
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Hymenophyllum sen. lat. of the Hymeno- 
phyllaceae. The spore is divided by two 
walls into approximately three equal 
parts; the divisions which form the 
6-celled gametophyte are in the same 
‘relative positions in each type; a tri- 
angular gametophyte gives rise from one 
or two of its arms to a ribbon-shaped 
thallus bearing sex organs; the first 
rhizoids are brown from the beginning and 
do not appear until the triangular gameto- 
phyte is formed. The great difference is 
in the elaboration of more cells in the early 
gametophyte of M. sanguinolentum and 
M. scabrum, and its retention at least to 
the 6-celled stage (possibly to 9 cells) 
within the unopened spore coat. This 
delay in the opening of the spore coat also 
affects the shape of the early gameto- 
phyte which remains spherical or sub- 
triangular although the coat can stretch 
somewhat as shown by its increase 
in size ‘during this period (Figs. 1, 7). 
The multicellular plate may have as 
many as 18 cells before the filament is 
produced which by broadening becomes the 
sexual ribbon-like thallus characteristic of 
Hymenophyllum sen. lat. It is surprising 
that this germination pattern has escaped 
detection for so long!, especially in M. 
sanguinolentum, the type species of the 
genus, known for a hundred years and 
abundant throughout New Zealand. 

A study of 12 other New Zealand species 
of Hymenophyllum sen. lat. failed to reveal 
a similar germination or any variant which 
could possibly be interpreted as a stage 

in the evolution of the thallus of M. 
sanguinolentum and M. scabrum. The in- 
vestigation showed, however, that var- 
iants occur frequently and fall into two 
groups, those exhibiting an extra cell 
( 4-celled gametophyte, Figs. 53, 54) and 
those with fewer than the usual number of 
cells ( Figs. 47a,b). As each type can be 
followed to the stage of the formation of a 
filament or to the broadening filament 


1. I learn from a conversation with Mrs 
Giauque of Berkeley, California, in May 1959, 
‚that a few drawings of the gametophyte of M. 
sanguinolentum were shown in Stockholm in 
1950, at the International Botanical Congress, 
in connection with a paper ‘ Life History of 
| Ferns ” written by E. B. Copeland and Mrs F. 
Ashley Giauque and read by Dr A. S. Foster. 


which will become the ribbon-like thallus 
of the group, they are probably not lost 
in the population as non-viable elements. 
Many more species need to be investigated 
before it can be said whether these 
variants in the gametophyte bear any 
relation to the tremendous variety found 
in the sporophyte (Van den Bosch, 1861; 
Copeland, 1938). 

The only variant showing any similarity 
to the sanguinolentum-scabrum type of 
germination was found during a cursory 
examination of two endemic Hawaiian 
species, Mecodium recurvum ( Gaud.) Copel. 
and Sphaerocionium lanceolatum ( Hook. 
and Arn.) Copel. (Christensen, 1925; 
Robinson, 1912) ( Figs. 97-99). Living 
gametophytes dissected from fresh spor- 
angia of these two ferns showed the 
usual hymenophyllum type of germin- 
ation as well as the variants described 
above for the New Zealand species. There 
were also found 4-celled gametophytes 
( Figs. 97, 99) similar in appearance to 
those seen in M. sanguinolentum and M. 
scabrum (Fig. 6). In the specimens of 
M. recurvum, however, the spore coat 
opens when the second arm of the sub- 
triangular gametophyte has undergone 
division. More material is needed for 
comparison to be meaningful, but it is 
clear that here also there is a retention of 
the 4-celled gametophyte within the spore 
coat and a temporary repression of the 
triangular form. 

The questions arise as to whether any 
correlation exists between other charac- 
teristics of the hymenophyllum group and 
the germination type in M. sanguinolentum 
and M. scabrum, and whether the type of 
germination in the latter two represents a 
primitive or advanced condition, that is, 
whether the first plate is more fern-like 
or is an elaboration of the simpler hymen- 
ophyllum type. 

In the literature the genus Mecodium is 
presented as less advanced than Meringium 
by reason of its receptacle of indeterminate 
growth bearing sporangia which mature 
simultaneously (Bower, 1923, 1926). 
Copeland (1937) considers Mecodium, 
Hymenophyllum and Meringium as co- 
ordinate genera and although he described 
Meringium as the first genus in Hymeno- 
phyllum (1937), he places Mecodium in 


34 PHYTOMORPHOLOGY 


Fics. 79-99 — Spores and development of thallus. 
79. Spore. x 243. 
82. 6-celled triangular plate. x 243. 
x 243. 


development of branched thallus from 3-celled plate. Fig. 86. x 112. Fig. 87. x 80. Figs. 88, 


89. Initiation of ribbon-shaped thallus. Fig. 88. x 179. Fig. 89. x 112. 
ment from 4-celled plate. x 179. Figs. 92-96. Meringium bivalve. 


6-celled plate, hymenophyllum type. x 243. 
4-celled plate, spore closed. x 243. 


the lowest position in Genera Hymeno- 
phyllacearum (1938) and in Genera 
Filicum ( 1947). Holloway ( 1923, 1924 ) 
in an ecological study of New Zealand 
Hymenophyllaceae concludes that al- 
though Mecodium sanguinolentum and M. 
scabrum are not the most primitive, they 
are among the less advanced members of 
the family. I do not find in the accounts 
of Copeland, Holloway and Dobbie the 
least suggestion that the two species are 
nearly related and of the two, M. scabrum 
is described as the more specialized. 
Mecodium sanguinolentum and M. 
scabrum have large spores, a character 
which is associated with other old genera 
such as Osmunda, Lygodium, Mohria. 
Among the species of filmy ferns with 
large spores described above, only M. 
sanguinolentum and M. scabrum show the 


Figs. 80, 81. 3-celled gametophyte, spore coat closed and open. x 243. 


Fig. 97. Sphaerocionium lanceolatum. 
Figs. 98, 99. Mecodium recurvum. x 243. 
4-celled plate, spore coat closed. Fig. 99. 5-celled plate, spore partly open. 


Figs. 79-91. Meringium multifidum. Fig. 
Fig. 


Figs. 83, 84. 4-celled gametophyte, spore closed and open. 
Fig. 85. 5-celled plate, division delayed in two arms. x 243. 


Figs. 86, 87. Stages in 


Figs. 90, 91. Develop- 
Spore and development of 


Unusual 
Fig. 98. Unusual 


complex pattern of germination. All 
the others are of the hymenophyllum 
type. 

There is no apparent correlation be- 
tween thickness of leaves and germination 
pattern. The leaves of four species in 
New Zealand, namely M. scabrum, M. 
dilatatum, M. demissum and Cardiomanes 
reniforme, are more than one cell thick. 
Opinions differ as to whether these four 
species may be considered as the least 
specialized in the group with regard to 
this character (Bower, 1926; Holloway, 
1923; Copeland, 1938). It has been sug- 
gested that such leaves represent a nearer 
approach to the thicker leaves of other 
ferns. The leaves of M. sanguinolentum 
are one cell thick and those of M. scabrum 
are three cells thick (Fig. 34) but the 
germination type is the same. 
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There is no apparent correlation be- 
tween chromosome number and germina- 
tion pattern. The same complex type of 
germination is found in M. sanguinolentum 
with n—72 chromosomes as in M. scabrum 
- (n=36) with half that number. All the 
other species investigated in New Zealand 
show the hymenophyllum type, including 
species (other than M. scabrum) with 
n=36 and those with such varied chrom- 
osome numbers as n=26 ( Meringium 
multifidum ), n=22 ( M. bivalve, Hymeno- 
_phyllum revolutum) and n=11 (H. pelta- 
tum). It would be interesting to know 
the germination pattern for H. unilaterale 
_ Bory (n=18; Manton, 1950) which has 
only half as many chromosomes as M. 
scabrum. M. sanguinolentum (n=72) 
having the highest chromosome number 
yet reported in the group, and M. scabrum 
(n—36) with the next highest cannot 
be primitive if the theory is correct that 
the trend has been from low to high 
chromosome numbers. 

If the theory of Antarctic origin for the 
Hymenophyllaceae is accepted ( Copeland, 
1947 ), then it is not surprising to find 
that they comprise one-fifth of the fern 
flora of New Zealand or that there are 28 
species in that country of which 13 are 
assigned to Mecodium (Dobbie, 1952). 
It should not be surprising to find the 
sanguinolentum-scabrum type of germin- 
ation there if it is primitive. It fits 
neatly into a scheme as the forerunner of 
the hymenophyllum type. Suppression 
of interior walls, early cracking of the 
spore coat concomitant with the assump- 
tion of a triangular form could lead 
directly to the hymenophyllum type of 
germination. Unfortunately the evidences 
_of primitiveness, that is, resemblances 
to the more fern-like types, cannot be 
marshalled in any orderly fashion. 

The alternative, if the sanguinolentum- 
scabrum plate is not primitive, is to con- 
sider it as an elaboration of the hymeno- 
phyllum type of germination. This sup- 
poses, back in antiquity, a reduction from 
a fern-like thallus to one something like 
“the hymenophyllum type and then a 
development anew of a more complex, 
multicellular structure. M. sanguinolen- 
tum in which this multicellular plate was 
first discovered, is abundant both in the 
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North and South Island. Unlike the 
induced tetraploid of Osmunda ( Manton, 
1950 ) this polyploid can apparently com- 
pete very successfully with its neighbour- 
ing filmy ferns of low altitudes. If there 
is any relation between the aberrant 4- 
celled gametophyte in Mecodium recurvum 
in the distant Hawaiian flora and the 
sanguinolentum-scabrum type in New 
Zealand, then the latter, by the theory of 
Antarctic origin, would not be primitive. 
It is possible that the 9-18-celled plate 
represents a remnant structure. It ap- 
pears to have no obvious function other 
than the elaboration of food. If the 
multicellular plate has been produced by 
an elaboration of the hymenophyllum 
type, then it represents a specialized 
condition and another offshoot in the 
evolution of the group. 

At present it is not known whether or 
where there are other examples of the 
sanguinolentum-scabrum type of germ- 
ination. The study of 14 New Zealand 
species shows that thalli of Hymenophyllum 
sen. lat. may develop from 2-, 3-, 4-, and 
multi-celled gametophytes and Copeland 
(1938) comments upon the tremendous 
variety found in the sporophyte. Climatic 
influences seem inadequate to account for 
so much variation. Considerable evolu- 
tionary activity appears to be taking place 
in the group and a study of chromosome 
behaviour at meiosis might throw light 
on the question of speciation and hybridi- 
zation. Much more information is needed 
concerning germination and the mature 
thallus in the filmy ferns, not only in New 
Zealand but also from other areas. 


Summary 


Germination and the early stages of 
development of the gametophyte are 
described for 2 endemic New Zealand 
species of filmy ferns, Mecodium sanguin- 
olentum and M. scabrum. The spore, 
before it cracks open, is divided into 3 
approximately equal cells by two walls 
which meet at the center of the spore. 
Secondary walls at the periphery of each 
of the three sectors cut off an outer lens- 
shaped and an inner saucer-shaped cell, 
forming a 6-celled gametophyte within 
the unopened spore coat. As the spore 
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coat cracks open, each saucer-shaped cell 
is divided into 2-4 smaller cells by walls 
perpendicular to the secondary walls. 
The gametophyte at the same time 
assumes the form of a triangular cushion, 
one cell thick, lying within the three 
valves of the spore coat. In these two 
species of Mecodium a multicellular plate 
is formed instead of the 3-celled plate 
known for other filmy ferns. Filaments 
or rhizoids grow from the lenticular cells 
in the three tips of the triangular plate 
and the filaments broaden to produce 
the ribbon-like thallus characteristic of 
Hymenophyllum sen. lat. The peculiar 
sanguinolentum-scabrum germination pat- 
tern is not correlated with spore size, 
chromosome number or the presence in 
certain species in New Zealand of leaves 
more than one cell thick. Twelve other 
filmy ferns were investigated with negative 
results in an attempt to find another local 
species with the same type of early 
development. Variations in germination 
in these ferns were encountered indicating 
that populations consist of plants probably 
developed from 4- and 2-celled, as well as 
from the usual 3-celled, gametophytes. 
Inconclusive evidence is reviewed for a 
primitive or for an evolved status for 
the complex germination pattern of M. 


sanguinolentum and M. scabrum. More 
information is needed concerning the 
possible existence of species of filmy ferns 
with similar germination patterns in the 
same and especially in other geographical 
areas. 

The greater part of this investigation 
was carried out in New Zealand where I 
am particularly indebted to a number of 
generous botanists. To Miss Marguerite 
Crookes, editor of Dobbie’s Ferns of New 
Zealand, I express my gratitude for her 
considerable aid, including field trips in 
the Auckland area and for the identi- 
fication of the ferns investigated. I am 
also under special obligation to Dr 
Robert Cooper, botanist at the Auckland 
Institute and Museum, for many kind- 
nesses including the housing of my 
cultures and to Mrs P. Hynes of that 
institution for expert guidance and help 
when making collections in the Auckland 
and Mount Egmont areas. I am further 
indebted to the Auckland Botanical 
Society for including me in its collecting 
expedition to Mount Egmont. I grate- 
fully acknowledge assistance of the staff of 
the Botany Department, University of 
Auckland, Dr V. Chapman, chairman, in 
the use of facilities for the preparation of 
gametophytic cultures. 
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THE EFFECT OF EXCISING CERTAIN STRUCTURES 
ON FOLIAR DETERMINATION IN ARISAEMA 
CONSANGUINEUM SCHOTT 


C. N. SUN 
3536 Vista Ave, St. Louis 4, Missouri, U.S.A. 


An extensive literature has accumulated 
on the comparative morphology of cata- 
phylls and foliage leaves. While investi- 
gators are in general agreement that these 
two types of organs are homologous, any 
attempt to find a leaf base, petiole and 
lamina in every bud scale is a profitless 
task ( Foster, 1928 ). 

Ontogenetic studies on angiosperms 
have shown that the cataphyll and the 
foliage leaf have different patterns of 
development and that the difference is 
established when the primordium is still 
very young (Cross, 1936, 1937; Chang & 
Sun, 1948; Foster, 1929, 1931; Foster & 
Barkley, 1933; Sun, 1948). Experi- 
mental evidence indicates that the de- 
velopmental possibilities of a given pri- 
mordium are not entirely limited even 
after considerable differentiation has taken 
place. Diels (1930) found that if the 
foliage leaves of Asarum europaeum were 
cut off before unfolding in early spring, 
the first cataphyll of an axillary bud 
developed into a foliage leaf. A similar 
experiment was done on a fern by Steeves 
& Wetmore (1953). Removal of the 
fronds of Osmunda cinnamomea L. caused 
prospective cataphylls to expand as foliage 
fronds. The present investigation de- 
monstrates that foliar determination can 
be affected by the removal of certain 
structures in Arisaema. 


Material and Methods 


_ The species used for this investigation 
was Arisaema consanguineum which is 
widely distributed in the province of 
Yunnan, China. Materials for the study 
were collected near Kunming. 
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The plant possesses an underground 
perennial corm and a deciduous aerial 
shoot. The conspicuous part of the shoot 
is a large, solitary, palmately compound 
foliage leaf, with radiating leaflets on a 
long stalk. The stalk of the inflorescence 
emerges from the sheathing base of the 
leaf (Fig. 1). Occasionally, the shoot 
bears two foliage leaves. In such cases 
the inflorescence always emerges from the 
base of the second leaf. 

The number of leaflets increases with 
the age of the plant. The first leaf of the 
seedling possesses an entire lamina, where- 
as the first leaf of the plantlet developed 
from a deciduous bud usually bears three 
leaflets ( Fig. 2). As a rule the mature 
plant shows more leaflets than immature 
plants. A period of six years elapses 
before the plantlet begins to flower. 

ORGANIZATION OF Bups — When the 
aerial shoot dies in winter, it leaves a 
shallow depression at the top of the corm. 
In the middle of this depression there is a 
large bud. This appears to be terminal and 
is truly so in immature specimens where 
the shoot apex gives rise year after year 
to foliar members. However, when the 
plant starts to produce the inflorescence, 
the shoot apex is consumed in the process, 
so that what looks like a terminal bud is 
really a bud formed in the axil of the 
foliage leaf. Scattered on the upper part 
ofthe corm are other smaller buds. These 
are formed in the axils of the cataphylls. 
They are deciduous and fall off, late in 
winter, although a few may persist on the 
corm for another season. The plant multi- 
plies vegetatively by means of these buds. 

The central bud, whether terminal or 
leaf-axillary, is clad in a number of cata- 
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Fic. 1 — A flowering specimen of Arisaema 
consanguineum (in August). x 0:3. 


phylls. In the leaf-axillary buds, i.e. 
those found in the adult plants, the cata- 
phylls range from 6 to 12 in number ( Fig. 
5). The first few scales mature early, 
decay in November, and disappear in the 
winter bud. Out of the remaining ones, 
the outermost cataphyll covers the bud. 
It is in the form of a flat cone terminated 
by a point and is brown in color. When 
this is removed, there is seen an inner cata- 
phyll of the same form but greenish white 
in color. Its point is telescoped into that 


Fic. 2 — Juvenile plant developed from a 
deciduous bud. X 1 


Fic. 3 — T.s. central bud of a reproductive 
plant in December showing bases of 6 cataphylls, 
foliage leaf, spathe and spalix. In the axils of 
the foliar members are the second generation 
buds. ( Reconstruction ). x 10. 


-of the outer, older one. This, in turn, com- 
pletely covers the younger one and so on. 
The innermost cataphyll covers the em- 
bryonic leaf. In the winter bud the full 
complement of leaflets are already present 

“in the leaf. (Chang & Sun, 1948). 

SECOND GENERATION Bups— When the 
central bud is sectioned or dissected in 

. winter, tiny buds are seen in the axils of 


Frc. 4— Four lateral buds developed into 
shoots: one with a leaf bearing three leaflets, 
| another with six leaflets, and the third and 
fourth with eight leaflets each. x 0:3. 

ow 
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Fic. 5 — One lateral bud developed into a 
shoot with three leaves of which the first and 
second leaves have three, and the third has 
four leaflets. X 0:4. 


the young foliage leaf and cataphylls. The 
one in the axil of the leaf develops into 
the aerial shoot, a year after, and those in 
the axils of young cataphylls become the 


next year’s deciduous buds. Following the 


terminology of Foster & Markley ( 1933), 
the bud which expands into a shoot next 
year is called the first generation bud 
while those arising in the foliage axils of 
this bud are called second generation 
buds. 

The deciduous buds are also provided 
with several cataphylls and a foliage leaf. 
The cataphylls are conical and incapable 
of further differentiation. The foliage 
leaf, developing from a deciduous bud, 
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usually has three leaflets (Chang & Sun, 
1948 ). ae 

In the present investigation, the follow- 
ing types of excision were used: (1) the 
fully grown foliage leaves were cut off; 
(2) the embryonic cataphylls and foliage 
leaves were excised from the central bud 
leaving the shoot apex intact; (3) the 
central buds were removed. These ex- 
periments were performed on various 
dates. The results were observed in the 
growing season following that in which the 
treatment was given. 


Fic. 6 — Four lateral buds 
shoots. 
second three; in the third one entire and one 
forked leaflet; and in the fourth an undivided 


developed into 
In one the leaf has five leaflets: in the 


lamina. On two of the shoots the innermost 


cataphyll has developed into a petiole without 
a lamina. x 0-4. 


Fics. 7-10 — Ontogeny of the second leaf. 
Fig. 7. Outermost cataphyll of second generation 
bud of a lateral bud with a trilobate lamina. 
Fig. 8. Cataphyll with poly-lobed lamina. Fig. 9. 
Enlarged view of the trilobate lamina. Fig. 10. 
Outermost cataphyll of second generation bud 
developed into a foliage leaf with three leaflets. 
All <a5. 


Results 


Removal of the full grown foliage leaves 
of Arisaema consanguineum at different 
times from June to August caused no 
visible effect on the development of cata- 
phylls and foliage leaves of the next gene- 
ration buds. On the other hand, the 
removal of either the embryonic cataphylls 
and foliage leaf leaving the shoot apex 
intact, or the entire central bud, caused 
considerable effect on the development 
of the plant. In June of the following 
year, all lateral buds developed directly 
into shoots on the old corms instead of 
first separating from the mother corms 
like untreated ones. The shoot developed 
from a deciduous bud normally possessed 
only an entire leaf or one bearing three 
leaflets. However, in the experiments 
in which the terminal or axillary bud or 
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TABLE 1 — EFFECTS OF THE REMOVAL OF EMBRYONIC LEAF OR CENTRAL 
BUD IN ARISAEMA CONSANGUINEUM 


SIZE OF METHOD OF EXCISION 


CORM 


No. oF 
PLANTS 


15 Large 
bud removed 


8 Medium Central bud removed 


12 Small Terminal bud removed 


RESULTS 


Embryonic leaf or central 1. In7 plants several lateral buds developed 


into shoots all bearing one leaf with 3-8 
leaflets. 

2. In 6 plants some of the lateral buds de- 
veloped into shoots bearing 2 or 3 leaves 
with 3-12 leaflets each. 

3. In each of 2 plants one lateral bud de- 
veloped into a shoot bearing a large 
number of leaflets and an inflorescence. 


1. In 5 plants lateral buds developed into 
shoots bearing 3-8 leaflets. 

2. In 3 plants lateral buds developed into 
shoots which bore 2 leaves having 3-9 
leaflets. 


1. In all specimens only one lateral bud de- 
veloped into a shoot having one leaf with 
3 or 4 leaflets. Three of them had 2 
leaves each with 3 leaflets. 


the embryonic cataphylls and _ foliage 
leaves were removed, some of the shoots 
which developed from lateral buds had a 
leaf bearing more than three leaflets ( the 
range was from one to fifteen). Others 
possessed two or even three leaves each 
with leaflets ranging in number from one 
to eight. Sometimes the innermost scale 
developed into a leaf without lamina 
( Figs. 4-6, Table 1). 

During the expansion of the lateral bud 
and the emergence of the first foliage leaf, 
the lamina of the outermost cataphyll of 
the second generation bud was still usually 
3-lobed ( Fig. 7); occasionally the lamina 
was many lobed (Fig. 8). However, 
after the first leaf had emerged, the lamina 
of the outermost cataphyll of the second 
‚generation bud began to develop, and 
enlarge (Figs. 9, 10). On dissection it 
was observed that the second and third 
leaves usually came from the outermost 
cataphylls of the buds of the next genera- 
tion during June and July. The time 
required by the cataphyll to change into 
a leaf was at least four weeks. 

The segmentation of the laminae of cata- 
phylls ocurred much later than the foliage 
leaf. The two symmetrical groups of 


leaflets of the second and third leaves 
developed from a pair of lateral lobes and 
the single central leaflet from the central 
lobe. The basal portion of the cataphyll 
produced the petiole. The second and 
the third leaves emerged through the 
petiole of the first leaf. 

Removal of the central bud of the ma- 
ture corm (with inflorescence) usually 
resulted in the formation of many lateral 
buds that expanded the following year, 
but no inflorescence was formed. How- 
ever, in such cases where only one shoot 
developed on the old corm, the shoot some- 
times bore an inflorescence. 


Discussion 


It has been known for a long time that 
lateral buds do not develop in the presence 
of the terminal bud. However, if the 
latter is removed, some of the lateral buds 
usually expand promptly. This pheno- 
menon has been observed in many dif- 
ferent plants. Went & Thimann ( 1934), 
Snow ( 1931 ) and others have done much 
experimental work on this subject. If the 
central bud or the embryonic leaf of Ari- 
saema consanguineum is cut off in summer 
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or autumn, all the lateral buds on the old 
corm develop into shoots during the follow- 
ing spring. The same phenomenon has 
been demonstrated by Snow (1931) in 
young bean plants. 

In general, while the shoot of a young 
corm of À. consanguineum possesses one 
leaf with one to three leaflets, the shoot of 
an old corm has a leaf with many leaflets. 
Apparently the number of leaflets per leaf 
depends upon the size of the corm, which 
in turn depends on its age. The number 
of the leaflets has a tendency to increase 
from one to many, and the number of 
leaves increases from one to two as the 
plants advance in age. If the central bud 
or embryonic leaf is removed, shoots deve- 
loping from lateral buds may possess two 
or three leaves, or a leaf bearing more 
than three leaflets. An ontogenetic study 
showed that the second leaf develops from 
the outermost cataphyll of the axillary 
bud. Obviously the increasing number 
of leaflets on the foliage leaf and the change 
of cataphylls into foliage leaves are results 
of the transmission of nutritional material 
or growth substances from the old corm. 
Probably the corm could play a similar 
role on the poly-lobed leaf determination 


and flower formation in the buds of intact 
yound corms, as it does with the central 
bud. 


Summary 


1. In Arisaema consanguineum, when the « 
embryonic leaf or central bud were re- 
moved, the shoots developed in the follow- 
ing spring from lateral buds possessed one 
leaf which bore one to fifteen leaflets or in 
sometimes even two or three leaves, each 
with one to eight leaflets. Normally, the 
shoot developing from a deciduous bud 
possesses only one leaf bearing one to three 
leaflets. 

2. Ontogenetic studies reveal that the 
second leaf develops from the outermost 
cataphyll of the axillary bud. 

3. When the central buds of the mature 
corms ( with inflorescence ) were cut off, 
many lateral buds usually developed in 
the following spring but no inflorescence 
was formed. However, when only one 
shoot developed on the old corm, it bore 
an inflorescence. 

This work was done at University cf 
Peking, China. The author wishes to 
thank Dr C. Y. Chang for his kind advice. 
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GROWTH RESPONSE OF EXCISED MATURE EMBRYOS OF 
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Introduction 


Several basal nutrient media have been 
standardized for tissue and organ culture 
which can be suitably modified by adding 
varying concentrations of agar, trace 
elements, vitamins or growth substances. 
For culturing any plant organ, it is 
essential to try a variety of media and 
then select one which provides optimum 
growth. The nutrient requirement of the 
same organ or tissue ordinarily is different 
in different species. For this reason it 
is essential that the tissue culturist deter- 
mines a suitable medium for every species 
with which he is concerned. 

Experiments were planned to determine 
the relative merits of five different culture 
media for growing mature embryos of iris 
and wheat ( see Table 1 ). 


Material and Methods 


Iris is a relatively slow growing peren- 
nial plant with rather large seeds which 
require soaking in water for four to five 
days to soften the endosperm sufficiently 
to permit the embryos to be excised 
readily. Approximately four weeks were 
required for the production of well 


developed seedlings suitable for measure- 


ments of growth rates. 

Wheat is an annual plant that grows 
much more rapidly than iris. The em- 
bryos can be excised readily from wheat 
grains soaked overnight, and within five 
days, under optimum conditions for 
‘growth, the seedlings reached ample size 
for measurements of root and shoot 
growth. 
The media were prepared in the usual 
manner and precautions taken to maintain 
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the incubators and the culture room under 
as uniform conditions of temperature and 
light intensity as possible to achieve com- 
parable results in the experiments each of 
which was replicated one to three times 
and the means used to determine the 
significance of the results. 

An analysis of variance technique with 
one criterion of classification was employed 
to test the significance of the mean effects 
of all the media in an experiment as a 
whole in the first instance. If no signi- 
ficance was indicated, no further calcula- 
tions were made. When analysis of 
variance indicated a significant difference 
between the mean effects of the media in 
any experiment, tests of significance were 
performed between different pairs of 
media by the “tt test ( two samples case- 
samples independent ). The results were © 
treated as significantly different if the 
value of P was found to be less than 0-05 
in both tests. 

The use of “ST 371, a non-toxic 
antiseptic germicide, at the time of excision 
obviated the customary flaming of instru- 
ments and simplified appreciably the 
excision and transfer of the embryos to 
the culture medium with a minimum of 
contaminations. 

Since there were certain differences in 
the procedure and results of the iris and 
wheat experiments, they are described 
separately. 


Experiments with Iris 


The embryo excision technique was 
essentially the same as that described by 


1. Manufactured by Merck, Sharp & Dhome, 
Philadelphia, Pennsylvania, U.S.A. 
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TABLE 1 — COMPONENTS OF THE FIVE NUTRIENT MEDIA STUDIED 


(mgllitre except where indicated otherwise ) 


Knupson C* 


Calcium Nitrate—Ca(NO;)2.4H,0 

Potassium Nitrate — KNO, oo 

Potassium Chloride — KCl — 

Ferrous Sulphate—FeSO,.7H,0 25 

Calgon (NaPO;) 

Magnesium Sulphate MgSO,.7H,0 

Ammonium Sulphate (NH,),SO, 

Potassium Dihydrogen Phosphate 
KH,PO, 

Manganese Sulphate — MnSO,. 75 
4H,O 

Sodium Dihydrogen Phosphate — 
NaH,PO, 

Sodium Sulphate — Na,SO, = 

Copper Sulphate — CuSO,.5H,0 — 

Boric Acid — H,BO, = 

Zinc Sulphate — ZnSO,.7H,0 — 

Sulphuric Acid — H,SO, — 

Potassium Iodide — KI == 

Molybdic Acid — H,MoO, = 

Ammonium Molybdate —(NH.,), = 
M0,0,, -4H,O (in place of 
sodium molybdate ) 

Iron (in the form of FeEDTA in — 
place of ferric sulphate ) 

Manganese Chloride — MnC];- == 
4H,0 

Ferric Citrate 1% — 


Sucrose 2% 


RANDOLPH & STREET 
Cox 


NITSCH RAPPAPORT 


500 
125 85 


3 ml. 
2% 


1 ml. 


2% 2% 


*“Knudson’s Orchid Agar’’ is a commercial mixture of the components of the ‘ Knudson ° 


C” with 2% sucrose and 1:5% agar. 


L. F. and Fannie R. Randolph (1955) 
and will be outlined only briefly here. 
Dry, mature seeds of tetraploid tall 
bearded garden iris from a bulked sample 
harvested from a collection of open- 
pollinated varieties were surface sterilized 
for approximately one hour in a freshly 
prepared, saturated aqueous solution of 
calcium hypochlorite, to which 2 or 3 drops 
of  Turgitol No. 7”, an effective wetting 
agent, were added for each 50 cc. of the 
solution. After rinsing the treated seeds 
with sterile water they were kept immersed 
in water to a depth of not more than a 
centimeter at room temperature in a 
covered beaker for four days. During 
this period, a second calcium hypochlorite 
treatment was given at the end of the 
second day. 


For excision of the embryos, the iris 
seeds were transferred to a Petri dish 
containing 50 per cent alcohol, in which 
the operator’s fingers were dipped to mini- 
mize the possibility of contamination 
while handling the seeds as the embryos 
were being removed. A single-edged 


razor blade was used for opening the seeds 


and a dissecting needle was used to 
transfer the embryos from the seeds to 
culture tubes. Each seed was opened 
within a very few minutes after being 
transferred to 50 per cent alcohol and 
without allowing the alcohol solution 
to come in direct contact with the momen- 
tarily exposed embryo. 

The culture tubes containing the excised 
iris embryos were incubated at a tem- 
perature of 28°C for four days in the dark 
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TABLE 2 — IRIS: COMPARISON OF ROOT AND SHOOT GROWTH O 
F EMBRYO- 
CULTURED SEEDLINGS IN FOUR EXPERIMENTS, UTILIZING FIVE DIFFERENT 
MEDIA FOR SOME OF WHICH DIFFERENT CONCENTRATIONS OF AGAR 
WERE USED 


[ Knudson’s Orchid Agar (KO), Nitsch (N), Rappaport (Rp), Randolph & Cox (RC) & Street (SE 
Growth measurements are given as means of the total root and shoot length in mm with standard 
deviation (S.D.). n = number of individuals in each experiment. Figures in parentheses after the 
symbols of media indicate percentage of agar; when not mentioned, the agar concentration was 1:25 


per cent | 
Root 
NUTRIENT MEDIA Expt. 1 Expt. 2 Expt. 3 Expt. 4 
ES Fr = Ta as EN ann 


(aut Sa; 
n Mean &S.D. n Mean&S.D. 


and then transferred to a culture room 
maintained at 18-26°C and adequately 
lighted to ensure normal seedling growth. 
Measurements of root and shoot growth 
and fresh weights were recorded 28 days 
after excision of the embryos. The means 
and standard errors of the measurements 
of the root and shoot growth in each of 
four experiments are given in Table 2. 
Conclusions based on these data are sum- 
marized in Table 3. 

In general, the best shoot growth of the 
iris seedlings was obtained with Nitsch’s 
medium, except that it was inferior to 
Knudson’s Orchid Agar at an agar con- 
centration of 0-6 per cent; but Nitsch’s 

medium gave significantly better growth 


# 


N — — 16 6125223;5 12 60-9+5:7 15 62:5+7:2 
KO (0-6) 7 63:4+9-6 == — 13 67:2+7-0 17 85-1+12:0 
KO (1-5) = >= == == 14 51:1+4:3 15 61:1+5-7 
Rp — — 16 58-9+3:8 14 60:7+6-4 — — 
RC == — 18 58-7445 14 49:1+3:1 — — 
Rp (1:0) 7 56:6+7:1 — — — “= = — 
Rp (1:5) 6 49-0+7-9 = — == — — = 
RC (1:0) 7 57-3+8-0 — — — — _ — 
RC (1:5) 6 45-8428 — a ule a ae oh 
Shoot 

LIN — = 16 117-4249 12113762 81 15 90-2+8-7 
KO (0:6) 72-139:83+11:0° 7° — = 13  105:1+6:6 (7112561153 
KO (1:5) == ES = == 14 81-6451 15 86-0+9:8 
Rp == == 16 99-9+6-1 14 89-2459 — = 
RC == — 18 967275 14 94:64 4-2 — == 
Ss — — 16 98-7+7:1 10 78°9+5:9 18 78-4+5:5 
Rp (1-0) 7 10004126 — = ger — — = 
Rp (1:5) 6 640474. — — _ = — = 
RC (1-0) 7 946467 — — = — — — 
RC (1:5) 6 778453. — = = = — — 


than Knudson’s Orchid Agar with an agar 
concentration of 1:5 per cent. Com- 
parisons of the latter with other media in 
Experiments 3 and 4 showed it to be 
superior to Street’s medium while in com- 
parison to Rappaport and Randolph & 
Cox, it showed no significant difference. 

The media of Rappaport, Randolph- 
Cox and Street gave results that were not 
significantly different except that in 
Experiment 3, the Randolph-Cox medium 
was superior to that of Street. 

In a test of the Rappaport and 
Randolph-Cox media, using different con- 
centrations of agar, the results with 1-0 
and 1-5 per cent agar were not significantly 
different in the case of Randolph & Cox 
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- URED 
— : COMPARISON OF SHOOT GROWTH OF EMBRYO-CULT 
do SEEDLINGS IN FIVE DIFFERENT MEDIA 


; ized À 0 in Table 2. 
t the four experiments summarized in Table 2. Symbols and figures as in 
geen tig See ee x — Not significantly different ) 


MEDIA Expert. 1 Expt. 2 Expr, 3 Expt. 4 
a — x KO (0-6) super- 
N & KO (0:6) aa 
N & KO (1-5) — er N superior x 
N&Rp — N superior N superior — 
N & RC — N superior N superior — 
N & — N superior N superior x 
KO (0:6) & KO (1:5) — — KO (0:6) super- KO (0:6) super- 
ior ior 
KO (0:6) & ne — —— Re = 
6) &R awe 
KO (09) &S — —- KO (0-6) super- KO (0-6) super- 
ior ior 
KO (1:5) & Rp — — X Er 
KO (1:5) & RC — — x = 
KO (1:5) & S — — x 
Rp & RC — x 3% = 
Rp &S -- x Sy = 
RC&S x RC superior Zu. 


KO (0-6) super- 
ior 

KO (0-6) super- 
ior 

KO (0-6) super- 
ior 

KO (0:6) super- 
ior 


KO (0:6) & RC (1:5) 


| 


KO (0:6) & Rp (1) 
KO (0-6) & Rp (1-5) 


RC (1:0) & RC (1:5) x — 

RC (1:0) & Rp (1:0) x 

RC (1:0) & Rp (1:5) RC (1-0) super- — 
ior 

RC (1:5) & Rp (1:0) x — 

RC (1:5) & Rp (1:5) x = 

Rp (1:0) & Rp (1:5) Rp (1:0) super- — 


10r 


————————————————————— m nn, 


but significantly better growth was ob- 
tained in the Rappaport medium with 1-0 
per cent than with 1-5 per cent agar. 
Randolph-Cox with 1-0 per cent agär was 
superior to Rappaport with 1-5 per cent 
agar, but when both contained 1:25 per 
cent agar, the results were not signi- 
ficantly different. 

Root growth was not significantly 
different in any of the five media. 


Experiments with Wheat 


For these experiments a local variety of 
soft winter wheat (Triticum vulgare var. 
Pb. 591) was utilized, which had been 
maintained for experimental purposes by 


the Department of Botany at Aligarh 
University for several years. After sur- 
face sterilization of the dry seed with 
calcium hypochlorite (for 30 minutes), 
as was done with iris, the seeds were 
soaked overnight in sterile water in a 


‘shallow Petri dish. The embryos were 


| 


then excised and transferred to the culture © 


tubes. 

As shown in Table 4, there were four 
experiments with wheat embryos which 
included four replicated tests of some or 
all of five media. With respect to root 
and shoot growth certain media were 
superior to others, as shown in Table 5. 

Root growth with Knudson’s Orchid 
Agar was inferior to all the four media 
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TABLE 4— WHEAT: COMPARISON OF GROWTH OF EMBRYO CULTURED 
SEEDLINGS IN FOUR EXPERIMENTS, UTILIZING DIFFERENT MEDIA FOR 
SOME OF WHICH DIFFERENT CONCENTRATIONS OF AGAR WERE USED 


[ Knudson’s medium (KC), Knudson’s Orchid Agar (KO), Nitsch 
‘Rappaport (Rp) and Street (S). Figures show mean of the total root and shoot length in mm together 
with standard deviation (SD). n = number of individuals in each experiment. Figures after the 
symbols of media indicate percentage of agar; when not mentioned, the agar concentration was 1-25 


(N), Randolph & Cox (RC), 


per cent | 
Root 
NUTRIENT Expt. 1 Expt. 2 Expr. 3 Expt. 4 
MEDIA Om (ESTES SSS (et SSS Feen 
: n Mean&S.D. n Mean & S.D. n Mean & S.D. n Mean&S.D. 
KO (1:5) 14 93-2+4-2 a -— 12 110-8455 — — 
N — — 18 182-3+5-5 11 142:6+7:6 16 129:7+11:1 
RC 19 147:1+7:5 17  165:4+6:6 8 126-9448 — — 
Rp 18 163-7457 14  174-9+10-1 11 134-6+ 9-9 — = 
Ss 18 52:6+1:5 14 177-4+4-7 15 121:7+6-°8 14  126:7+12-7 
Shoot 
KO (1:5) 14 82:8+5:2 —- — 12 52:7+41 — — 
N — _: 18 877424 1 57-7+5-0 16 55:8+7-7 
RC 19 70:4+3:4 17 84:1+2-0 8 45:9+4-9 _ — 
Rp 18 92-9+1:8 14 81:6+3:5 11 54:0+5-9 — — 
iS 18 88-8+3:9 14 79:5+2:2 15 50-8+-4- 14 51:9+7:3 


with which it was tested in Experiment 3. 
At 1-5 per cent agar, the Orchid Agar was 
superior to Street’s medium in one of 
three experiments. Shoot growth was not 
significantly different in most of the tests. 
An experiment planned to test agar con- 
centration also was performed. It showed 
that certain concentrations of agar gave 
better results than others. 


Discussion 


The five media tested in the experi- 
ments reported here were developed by 
different workers for specific purposes. 
Knudson’s Orchid Agar was developed for 
the culture of orchid seeds, Nitsch’s 
medium for the culture of ovaries of 
certain plants and that of Rappaport for 
plant embryos. The medium of Randolph 
and Cox was perfected specially for the 
culture of mature embryos of iris. Street’s 
medium, which is essentially similar to 
that of White ( 1954), was used for tomato 
root culture. The media of Knudson, 
Randolph-Cox and Rappaport contain no 


trace elements while those of Street and 
Nitsch include them. Some authors have 
paid special attention to the source of iron 
in the medium. It is ferrous sulphate in 
Knudson and Randolph-Cox, ferric citrate 
in Rappaport and Nitsch and FeEDTA 
in Street’s medium (Sheat, Fletcher & 
Street, in press). Since the media of 
Rappaport and Randolph-Cox differ only 
in the source of iron and the former 
contains manganese sulphate which is 
absent in the latter, it is noteworthy that 
in the wheat experiments there was no 
significant difference in root growth and 
in only one of three experiments was a 
significant difference in shoot growth 
noted; in this Rappaport’s was superior 
to that of Randolph-Cox. When the same 
comparisons were made with iris, no 
significant differences were noted either 
in root or shoot growth. 

Requirements of various substances for 
optimum growth may differ not only from 
species to species but also from organ to 
organ in the same species. Selection or 
elaboration of a suitable basic medium is 
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SHOOT GROWTH OF 

ABLE 5 — WHEAT: COMPARISON OF ROOT AND 

SEEDLINGS FROM EMBRYO-CULTURED SEEDS GROWN IN DIFFERENT MEDIA 
WITH VARIOUS CONCENTRATIONS OF AGAR 


( Based on the data summarised in Table 4. Symbols and figures as in Table 4. X = Not significantly 


different.) 
Root 
NUTRIENT MEDIA Expert. 1 Expr. 2 Expt. 3 Expt. 4 
KO (0:6) & KO (1:5) = KO (1-5) superior 
KO (0:6) & N — N superior 
KO (0:6) & RC — — RC superior fs 
KO (0:6) & Rp — = Rp superior 
KO (0:6) & S = — S superior — 
KO (1:5) & N — — N superior a 
KO (1:5) & RC RC superior x — 
KO (1:5) & Rp Rp superior x Rp superior — 
KO (1:5) &S KO (1-5) superior x x — 
N & RC — — 5 ee 
N & Rp — = es 
N&S — = x X 
RC & Rp X x N — 
RC&S RC superior x x -- 
Rp&S Rp superior x X — 
Shoot 
KO (0:6) & KO (1:5) a aa x TE 
KO (0:6) & N = = x ar 
KO (0:6) & RC = LE x a 
KO (0:6) & Rp — = x “ss 
KO (0:6) & S = en x er: 
KO (1:5) & N = os X se 
KO (1:5) & RC KO (1:5) superior xX xX — 
KO (1:5) & Rp x x X — 
KO (1:5) &S X xX x a 
N & RC — = x Es 
N & Rp — = IR er 
N&S u AE” X x 
RC & Rp Rp superior xX x — 
RC&S S superior xX x — 
Rp&s x X x i. 


therefore an important initial step in all 
culture work. The fact that embryos of 
different species may require different 
constituents in the medium for optimum 
growth and that the different organs of 
the same embryo may react differently 
to the same medium is very well de- 
monstrated by the present series of ex- 
periments with iris and wheat. 

Root growth of iris in different media 
did not show any significant differences. 
With the shoot, on the other hand, 
Nitsch’s medium and Knudson’s Orchid 
Agar gave significantly better results than 
the other media and Nitsch’s medium 
proved more satisfactory than the Orchid 


Agar. Knudson’s Orchid Agar is a com-| 
plete medium formulated by the Difco 
Laboratories, Detroit, Michigan, U.S.A. 
The directions for preparation recommend 
the use of 37 gm of the Orchid Agar 
powder per litre of water, giving an agar 
concentration of 1:5 per cent. It is 
interesting to note, however, that the best 
growth of iris embryos was obtained by 
dispersing only 15 gm of the powder per 
litre of water. This gave an agar con- 
centration of 0-6 per cent and also reduc- 
ed the concentration of all other constitu- 
ents. This suggests that the same medium 
gives optimum results with iris and orchids 
at different concentrations of agar and 
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4 
nutrients, the composition of the medium 
remaining the same. 

In wheat the shoot seems to be less 
selective in its requirements than the root. 
In these experiments, Orchid Agar was 
found to be inferior to all other media 
(except in one experiment out of three 
in which it proved superior to Street’s 
medium ) and the latter showed relatively 
few significant differences except when 
different concentrations of agar were 
used. 


Summary 


The amount of shoot and root growth 
produced by excised mature embryos of 
wheat and iris when grown on the culture 
media of Knudson, Nitsch, Randolph- 
Cox, Rappaport and Street was compared 
in replicated experiments planned to 
determine their growth promoting cap- 
abilities for seedlings of a relatively fast 
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growing annual (wheat) and a much 
slower growing perennial (iris) plant. 
Shoot growth of iris seedlings was best in 
Knudson’s Orchid Agar and in Nitsch’s 
medium, but root growth of iris seedlings 
was not significantly different in any of 
the five media tested. Shoot growth of 
wheat seedlings was not significantly 
different in most of the experiments. 
Root growth obtained from wheat seed- 
lings cultured on Knudson’s Orchid Agar 
was inferior to that obtained from the 
other four media. 

These experiments were conducted while 
the senior author was in residence at 
Aligarh Muslim University as a Fulbright 
Scholar and Visiting Professor of Botany; 
the privilege of utilizing research facilities 
made available for these studies is grate- 
fully acknowledged. The authors are 
indebted to Mr Z. H. Zaidi and Mr R. S. 
Yajnik for much helpful assistance with 
the experiments. ; 
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STUDIES IN THE ORDER PIPERALES — 
I. A CONTRIBUTION TO THE STUDY OF VEGETATIVE 
ANATOMY OF SOME SPECIES OF PEPEROMIA'* 


Ye Sy MURIN 
School of Plant Morphology, Meerut College, Meerut, India 


Introduction 


Members of the Piperales are mostly 
herbs or climbers distributed throughout 
the tropical and sub-tropical regions of 
both hemispheres. The genus Peperomia 
is very common in the oceanic islands 
where other genera of the order are 
conspicuous by their absence. 

Morphologically the order has been 
full of interest for over a century. In 
phyllotaxy, nodal anatomy ( Rousseau, 
1927 ), embryology ( Johnson, 1905 ) and 
placentation the order shows a range of 
variation that is as great as that found in 
the entire group of angiosperms. Even 
the taxonomic position of this group, 
once considered to be monocotyledonous, 
still remains a matter of opinion ( Sprague, 
1940). 

The author has been interested in this 
order for over seven years ( Murty, 1952) 
and during this period he has been able 
to make a detailed morphological study of 
it. In this communication, attention will 
be confined to a study of the vegetative 


anatomy of some twelve species of 
Peperomia. 


Material and Methods 


The material of the several species of 
Peperomia was collected by Prof. V. Puri 
during his study tour of the U.S.A. and 
Europe. He collected P. blanda, EP. 
fenzlet, P. incana and P. rubella from 
Bergianska Botanical garden, Stockholm; 
P. fraseri from the Botanical Institute, 
Kiel; and P. cniapas, P. prostrata, P. Sp.g 
and P. sp. from the Botanical garden, 


1. Based on a portion of the thesis acce 
2. Research contribution No. 13 from t 


Cornell University, Ithaca. Preserved 
material of P. pellucida was obtained by 
the author through the courtesy of 
Dr C. S. P. Rao ( Benares ), and Messrs. 
G. Srivastava (Gorakhpur) and K. V. 
Rao (Visakhapatnam), and that of 
P. comarapana through Mr A. Burkart 
(Parana, Büenos Aires). The authors 
own collections include P. pellucida 
(Dehra Dun) and P. reflexa ( Kodai 
Kanal and Ootacamund ). 

The material was imbedded in paraffin 
in the usual way and serial transverse 
sections, 10-12 microns thick, were cut 
and stained with safranin — fast green, and 
with crystal violet — erythrosin. 


External Morphology 


Peperomia species are annual or peren- 


nial herbs ranging from a few centimeters _ 


to about a meter in height. The leaves 
vary from a few millimeters to 15 cm 
or more ( Trelease & Yuncker, 1950) and 
are sessile or petiolate, exstipulate, alter- 
nate, opposite or whorled. Sometimes 


two of these arrangements might be shown 


by one and the same species (P. blanda 
and P. comarapana). The lamina may 
be membranous, leathery or succulent, 
commonly palmately veined and glabrous 
or hairy. When the leaves are viewed 
through transmitted light, glandular dots 
are clearly seen in P. pellucida. 


Vegetative Anatomy 


Root — The roots of P. pellucida and 
P. comarapana were studied. They pos- 
sess a normal structure. The cortex is 


pted for the Ph.D. degree of the Agra University. 
he School of Plant Morphology, Meerut College, Meerut. 
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only a few cells in thickness. A layer of 
endodermis surrounds a diarch stele that 
consists of but a few elements of xylem 
and phloem. 

THE INTERNODE — The internodes of 
_ twelve species (P. pellucida, P. reflexa, 
P. comarapana, P. fraseri, P. blanda, 
P. fenzlei, P. incana, P. cniapas, P. rubella, 
P. prostrata, P. sp., and P. sp.,) were 
investigated and found to agree in their 
anatomical features. P. cniapas will be 
described ( Fig. 1) as typical of the group 
and attention will be drawn to other 
species whenever necessary. The inter- 
node in both P. cniapas and P. pellucida 
shows two wing-like ridges which descend 
down from the petiole. In all other 
species except P. reflexa and P. fraseri 
where there are longitudinal ridges and 
grooves the internode is cylindrical without 
any ridges. 

The single-layered epidermis is covered 
with a thin layer of cuticle. Only a few 
species like the epiphytic P. reflexa and 
the terrestrial P. comarapana and P. sp., 
show rather heavy cutinization ( Fig. 2). 
Yuncker & Gray ( 1934) observed cutini- 
zation also on the radial walls of the 
epidermis in P. reflexa. 

Scattered all over the aerial parts in all 
the species and placed in shallow pits are 
numerous three-celled (occasionally 4- 
celled in P. fraseri) thin-walled hyda- 
thodes ( Figs. 2-5). Variations occur in 
the shape and size of the apical cell of a 
hydathode. It is hemispherical in P. 
pellucida, P. comarapana and P. fenzlei 
(Fig. 4), discoid in P. prostrata, sac-like 
in P. pellucida or balloon-like in P. blanda 
(Fig. 5) and P. cniapas. From a study 
of the hydathodes of Piperaceae, Big- 
noniaceae, etc. Haberlandt (1914) con- 
cluded that the head or apical cell of a 
hydathode is responsible for actual secre- 
tion of water. 

Hairs or trichomes are present in all the 
species examined except P. pellucida and 
P. cniapas. They are multicellular and 
uniseriate varying in height from 2 to 8 
cells (Figs. 6-8). Yuncker & Gray (1934) 
reported 1-2 cm long trichomes consisting 
of 25-35 cells in P. hirtipetiola var. longi- 
limba. The apical cell of a trichome is 
generally straight and tapers upwards 
(Fig. 7) or it is slightly curved as in 


P. sp., and P. reflexa (Fig. 9) or it may 
be swollen at the base narrowing abruptly 
into a pointed apex as in P. prostrata. 
However, it is club-like on young axillary 
buds of P. reflexa ( Fig. 10). 

The single-layered epidermis is followed 
by a few layers of collenchyma‘( Fig. 1). 
Variations in the number of layers are, 
however, observed. In P. pellucida there 
is a single layer; in P. rubella and P. 
blanda 1-2 layers; and in P. reflexa seven 
layers. A collenchymatous layer may be 
completely absent as in P. hispidula 
(Johnson, 1914), or there may be as 
many as 23 layers as in P. rockit ( Yuncker 
& Gray, 1934). 

The parenchymatous part of the cortex 
consists of a varying number of layers in 
different species. The cells of this region 
may contain starch grains (P. fenzlei, 
P. spa), oil (P. reflexa, P. spa), raphides 
(P. incana), etc. The vascular bundles 
are arranged in two rings, the peripheral 
with 5 large bundles and the central with 
5-6, comparatively small ones as in P. 
cniapas (Fig. 11). They are collateral 
but lack a cambium and show large xylem 
elements and prominent companion cells. 
Secondary growth was not observed in any 
species. Some of the cells just inner 
to the vascular bundles possess thick 
walls. The bundles, which may vary in 
number from one to many, are either 
scattered or organized into definite circles 
(see Metcalfe & Chalk, 1950). Ten of 
the twelve species studied here show about 
6-19 bundles arranged in two more or less 
distinct rings, but occasionally an addi- 
tional bundle was observed in P. spy 
within the inner ring. 

THE NopE — The leaves show spiral, 
opposite, or whorled phyllotaxy. The 
majority of species, e.g. Peperomia pellu- 
cida, P. cniapas, P. fraseri, P. incana, 
P. sp; and P. sp.4, possess only one leaf 
atanode. P. prostrata has 1-2, P. blanda 
has 2-3, P. comarapana, P. fenzlei have 2 
or 4, P. reflexa has 4, and P. rubella has 
4 or more. As some differences have 
been observed in the departure of the leaf 
traces at the nodes bearing one or more 
leaves they will be described separately. 

In Peperomia cniapas bearing a single 
leaf at each node some of the nodal bundles 
show enlargement and anastomoses and 
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then three traces pass out for the leaf 
( Fig. 12). These are followed closely by 
two bud traces which divide repeated- 
ly and form the vascular cylinder of 
the axillary branch (Figs. 13, 14). P. 

_ pellucida also receives three traces for 
every leaf; but in P. sp., (Fig. 15) and in 
P. incana ( Fig. 16) there are 5 and 7 leaf 
traces respectively. 

Peperomia sp., which has generally 
three traces for every leaf occasionally 
showed some interesting variations. For 
example, at one of the nodes it was seen 
that the two lateral leaf traces were small 
and they disappeared completely during 
their course through the cortex leaving 
only a single trace to enter the leaf 
( Figs. 17-19). In another instance only 
the median leaf trace was seen to diverge 
from the parent stele. 

In species with apparently opposite 
leaves the nodal structure presents a much 
varied anatomy. In Peperomia blanda 
both the leaves at a node receive three 
traces each and these diverge almost 
simultaneously into the cortex on opposite 
sides (Fig. 20). P. fenzlei, P. prostrata and 
P. comarapana ( Figs. 21-23 ), which have 
two leaves at a node, reveal an entirely 
different course for the leaf traces. Of the 
two apparently opposite leaves one arises 
slightly higher up than the other and this 
is more distinct from their vascular sup- 
plies which depart at markedly different 
levels. 

Further variations are observed in the 
nodes having whorled leaves. In P. 
fenzlei the traces of the opposite leaves 
depart simultaneously in opposite direc- 
tions followed by the traces of their axil- 
lant buds (Fig. 24). A little higher up an- 
other set of leaf traces for another pair of 
opposite leaves passes off into the cortex 
at right angles to the first pair ( Fig. 25 ). 
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Hence the leaf traces appear to be arranged 
in two pairs at right angles to one another. 
But in P. comarapana the leaf traces of 
each of the two pairs of leaves move out 
into the cortex at slightly different levels 
( Figs. 26-28), while in P. reflexa traces 
of the lower pair of leaves alone ( Figs. 29, 
30) do so. P. rubella further differs in 
the irregular sequence of the departure of 
leaf traces. Two of the four leaves at a 
node show three traces each and the 
remaining two, one trace each ( Figs. 31, 
32). Some of the nodes of P. prostrata 
showed a root also in addition to a leaf. 
One of the three traces of the leaf branched 
into three parts to form a lateral leaf trace, 
the trace of the endogenously arising root 
( Fig. 33), and the axillary bud trace. 

MODE OF BRANCHING — In Peperomia 
the branching is monopodial, only in the 
flowering nodes of P. pellucida and P. 
incana the main axis terminates in an 
inflorescence bringing about the sympo- 
dial type of branching. The branching 
in P. pellucida is often complex and can- 
not be interpreted from an external 
study only. It will be discussed in detail 
in a separate communication. 

PROPHYLL — The first leaf of an axillary 
bud has been commonly designated as a 
prophyll. There are generally two pro- 
phylls in the dicotyledons and one in the 
monocotyledons. But exceptions to both 
the conditions have been freely cited by 
Arber ( 1925 ) and Foster ( 1932). 

In the present study a prophyll has been 
observed in six of the twelve species, 
namely P. fenzlei, P. prostrata, P. rubella, 
P. incana, P. sp.; and P. sp., although 
Rousseau (1927) did not record any in 
his material. It usually receives only one 
fface as*in P: sb,, and P: sp., whose 
foliage leaves may receive more than one 
(Figs. 35, 36). In P. fenzlei and P. rubella 


fe 


Fics. 1-16 — (br, bud trace; coll, collenchyma; L, leaf trace; pa, parenchyma VER. 1e Dart 
of a cross-section of internode of P. cniapas. x 134. Fig. 2. Portion of stem surface of P. reflexa 
showing thick cuticle and a hydathode. x 254. Figs. 3, 4. Hydathodes of P. fenzlei. x 534. 


Fig. 5. Same as above of P. blanda. x 600. 


fraseri. X154. Fig. 7. Multicellular trichome of P. renalev 121 


Fig. 6. Two celled thick-walled trichomes of P. 


Fig. 8. Same as above of P. 


blanda. x 234. Figs. 9, 10. Trichomes of P. reflexa. x 334. Figs. 11-14. Serial transverse 


sections of node of P. cniapas. x 13. 


Figs. 15, 16. Same as above of P. sp., and P. incana 


showing five and seven leaf traces respectively. Fig. 15 x 13; Fig. 16, x 14. 
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even this is very rudimentary while the 
prophyll trace in P. incana receives three 
traces from the parent stele ( Fig. 34). 
In some of the species it may have a rudi- 
mentary bud in its axil ( Figs. 35, 36). 

' Lear — The petiole is dorsiventral and 
more or less triangular, and in a few 
species (P. reflexa and P. sp.,) there is 
a groove on the adaxial side. In P. 
pellucida and P. cniapas it is winged, the 
wings being two-layered. Hydathodes and 
trichomes characteristic of the stems also 
occur on the petiole. Beneath the epi- 
dermis the ground tissue is generally 
parenchymatous. Oil cells occur in the 
parenchyma of P. fraseri and P. sp... 
The number of bundles in the petiole of 
different species is very variable but 
corresponds with the number of leaf traces 
in the respective species ( Figs. 14, 16, 32, 
34-36). These bundles do not multiply 
during their course within the petiole 
except in P. sp., where the two extreme 
lateral bundles may divide once in the 
upper region of the petiole thus bringing 
the total to 7 ( Fig. 37). 

The lamina is dorsiventral or peltate 
as in P. sandersii var. argyreia. The 
epidermis is generally thin-walled and a 
definite cuticle occurs only in P. reflexa. 
Three-celled hydathodes and multicellular 
trichomes, characteristic of the species, 
are found scattered on both surfaces. The 
hypodermis is very characteristic and is 
found invariably in all the species except 
P. pellucida. It has a varying number of 
layers. In P. fraseri there is one layer; 
in P. prostrata (Fig. 38), P. blanda and 
P. fenzlei 2-4 layers; in P. sandersii 
var. argyreia (Fig. 39), P. rubella, P. 
cniapas and P. sp,. up to 6 layers; and 
in P. reflexa up to 10 layers. Pfitzer 
(see Solereder, 1908) described in P. 
pereskiaefolia 14-15 hypodermal layers. 
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Foster ( 1949 ) designates this as a multiple 
epidermis. He believes that the hypo- 
dermis was formed from a single layer of 
epidermis. The hypodermal cells are 
generally thin-walled and occur in regular 
rows beneath the epidermis. Raphides 
and oil cells are occasionally seen in this 
region in.P. sp... 

The mesophyll is differentiated into 
the usual palisade and spongy paren- 
chyma. The cells of the palisade tissue 
are small, polygonal, and closely packed, 
and not elongated as is common in 
other plants ( Figs. 38, 39). This perhaps 
led Yunker & Gray (1934) to suggest 
the terms “dense chlorenchyma ” and 
“spongy chlorenchyma ’’ for the palisade 
and spongy tissue. The palisade is gene- 
rally one-layered in P. pellucida, P. fraseri, 
P. comarapana, P. blanda, P. fenzlei, P. 
cniapas, P. prostrata (Fig. 38); occa- 
sionally two-layered in P. sp, P. spa, 
P. reflexa, and P. sandersii var. argyreia 
(Fig. 39); and rarely three-layered in 
P. rubella. The cells contain clustered 
crystals ( druses) in P. reflexa, P. rubella, 
P. cniapas, P. sp., and P. prostrata ( Fig. 
38). The spongy tissue shows inter- 
cellular spaces, fewer chloroplasts and 
occasionally some starch grains as in 
P.blanda. It occupies more than half the 
thickness of the leaf in P. sandersii var. 
argyreia (Fig. 39). The oil cells contain 
prominent nuclei and cytoplasm and they 
are confined to the lower side of the lamina 
( Fig. 40). Stomata are restricted to the 
abaxial epidermis (Fig. 39). Only in 
P. reflexa they are also seen on the 
adaxial side. The guard cells show thick 
sharp edged cutin lips or ledges ( Fig. 41 ) 
in cross section ( Johnson, 1914; Burkart, 
1951). Even the lower ledges were 
sometimes observed in P. comarapana. 
It is thought that the presence of these 


Fics. 17-28 — Transverse sections of nodal region of Peperomia spp. (br, bud trace; L, Ly, Es 


. ie, 1, lt, leaf traces ). 


in the cortex and extension of median trace only into leaf base. 


Figs. 17-19. Nodal region of P. sp; showing obliteration of two lateral traces 


x 59. Fig. 20. Departure of leaf 


traces in P. blanda. x 29. Figs. 21-23 Departure of leaf traces respectively in P. fenzlei, P. 


| prostrata and P. comarapana. 
leaf traces in P. fenzlet. 
P. comarapana. X 13. 


Figs. 21, 22. X 29; Fig. 23..x 13. 
x 29. Figs. 26-28. Note the departure of leaf traces Lj, Ly, Ls and L, in 


Figs. 24, 25. Departure of 


Fics. 29-37 — Transverse sections of nodal region of Peperomia spp. (br, bud trace; L, L;, 
Ty, Ly, Ly, leaf traces; pr, prophyll). Figs. 29, 30. Note the departure of leaf traces and their 
number in P. reflexa. x 37. Figs. 31, 32. Same as above of P. rubella. x 59. Fig. 33. Node 
bearing leaf and root in P. prostrata. x 29. Fig. 34. Note the number of leaf traces and prophyll 
in P. incana. x 14. Fig. 35. Same as above of P. sp.3. . Note the prophyll bud. x 59. Fig. 
36. Same as above of P. sp... x 13. Fig. 37. T.s. petiole of P. sp., showing seven bundles. x 13. 
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Fics. 38-41 — Cross-sections of lamina of Peperomia spp. (ep, epidermis; hy, hypodermis; 


oc, oil cell; pa, spongy parenchyma; p/, palisade ). 


Fig. 38. Note the number of layers of hypodermis, 


palisade and spongy tissue in P. prostvata. x 120. Fig. 39. Same as above of P. sandersii var. 


argyveia. X 225. 


Fig. 40. Shows the formation of different layers of lamina in P. pellucida. X 


850. Fig. 41. A single stoma of P. pellucida. x 550. 


ledges does not allow the stoma to close 
completely, a feature advantageous to the 
plant in a humid habitat. 


Discussion 


The observations recorded above reveal 
some important peculiarities in the struc- 


ture and development of the vegetative 
organs in Peperomia. Some of these are 
not known so far, while the others have 
not been adequately emphasized by earlier 
workers. It will, therefore, be worth- 
while to focus some attention upon them. 

Anatomical investigations are in full 
agreement with the results of external 
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study of the arrangement of leaves in 
P. pellucida, P. cniapas, P. prostrata, P. 
fraseri, P. incana, P. sp.,; and P. spa and 
P. blanda. However, species having two 
or more leaves at a node showed some 
differences. In P. fenzlei, P. prostrata and 
P. comarapana, although the leaves ex- 
ternally appear to be opposite, their 
vascular supplies diverge at different 
levels. 

The anatomical observations made here 
indicate that the whorled condition is false 
and might have been derived by a shorten- 
ing and ultimate elimination of a varying 
number of internodes in between the two 
pairs of opposite decussate leaves 
(P. reflexa and P. fenzlei), or in between 
the somewhat spirally arranged leaves 
(P. comarapana and P. rubella). The 
opposite condition in P. fenzlei and P. 
prostrata appears to be derived from the 
spiral. It may not be out of place to 
suggest here tentatively that the leaves in 
Peperomia are either spirally arranged or 
have been derived from an original spiral 
arrangement irrespective of their present 
number and arrangement at a node. 
This, however, requires confirmation from 
developmental studies. As early as 1843 
Miquel ( see De Bary, 1884) inferred that 
the whorling of leaves in Peperomia was 
caused by the atrophy of certain inter- 
nodes. Rousseau (1927) explains the 
occurrence of three or five leaves at each 
node in P. verticillata, P. blanda, P. 
quadrifolia and P. resedaeflora as forming 
a false whorl. Moseley & Beeks (1955) 
have concluded with regard to the Garry- 
aceae that the apparently opposite leaves 
are in reality sub-opposite and that they 
are probably derived from a spiral arrange- 
ment. Henslow (1875), on the other 
hand, deduced the spiral arrangement 
from the opposite and decussate types 
through an intercalation of short inter- 
nodes between opposite leaves. Thus 
additional anatomical evidence is supplied 
in support of Miquel’s interpretation. 

When a node has four leaves as in 
P. comarapana, the leaf traces do not leave 
the stele at the same level but form a close 
spiral. The separation of the leaf bases 
and their axillant buds follows the same 
sequence. From this it appears that the 
verticillate arrangement in P. comarapana 


{ March 


may have been derived from the spiral 
by a shortening and more or less complete _ 
and ultimate elimination of three inter- 
nodes above a node under consideration. 
P. rubella, with 3-5 leaves, also shows the 
same anatomical feature. Thus it would 
seem that the whorled condition in these 
species should be described as pseudo- 
verticillate or as forming a false whorl. 

On the other hand, the four leaves at a 
node of P. reflexa and P. fenzlei appear 
to be in two opposite pairs placed one over 
the other. The leaf traces of the first pair 
of leaves depart from the stele simul- 
taneously as also the traces to the other 
pair but at a slightly higher level and 
placed at right angles to the first pair. 
This condition can be understood to have 
been derived from an opposite decussate 
condition by shortening and ultimate 
elimination of alternate internodes. 
Hence, in these cases also as in P. comara- 
pana the verticillation is a false one. 

In his work on nodal anatomy Sinnott 
(1914) described the leaves of Peperomia 
as three-traced. He also considered this 
genus as representing the primitive condi- 
tion for the family since he found 3-7 
separate strands constituting the foliar 
supply of Piper. It appears from this 
conclusion that Sinnott was not aware of 
the publications of Weiss’s earlier descrip- 
tion (see De Bary, 1884) of the foliar 
supply in Peperomia as consisting of one 
(P. galioides), three (P. brachyphylla ), 
seven (P. incana) and thirteen (P. 
veriegata ) traces. 

Rousseau ( 1927 ), who studied the nodal 
anatomy of several species of Peperomia, 
described the foliar supply as either 
consisting of three (P. verticillata, etc.) or 
seven to nine traces (P. incana, etc.). 
Seven of the species studied here (P. 
pellucida, P. fenzlei, P. reflexa, P. comara- 
pana, P. blanda, P. cniapas and P. pro- 
strata ) have leaves receiving three traces 
each. P.sp., and P. incana have five and 
seven traces respectively. It is interesting 
to note that in the opposite or whorled 
arrangements no leaf has been observed 
receiving more than three traces. 

The present study is far too inadequate 
for any comments on the fundamental 
problem of nodal anatomy which has been 
the subject of many excellent reviews 
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(see Bailey, 1956). However, the pre- 
sence of one and three trace leaves at the 
same node in P. rubella and a reduction in 
the laterals and their disappearance in the 
cortex without reaching the leaf base in 
other nodes in P. sp., seem to offer support 
for Sinnott’s ( 1914) view, that a one-trace 
condition is derived from a three-trace one 
by the disappearance of the laterals. 


Summary 


The anatomy of the vegetative parts of 
a number of species of Peperomia has been 
studied. The presence of _ trichomes, 
hydathodes, oil cells, collenchyma (the 
only mechanical tissue found) and closed 
and collateral vascular bundles arranged- 
in two more or less distinct rings have 
been described in 12 species. 

Nodal anatomy revealed interesting 
features. Leaves of different species have 
been found to show 1-7 traces each. In 
P. rubella and P. sp. both one and three 
trace leaves were observed while inter- 
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mediate conditions were also found in the 
latter species. 

Opposite and whorled arrangements of 
leaves have been shown, on the basis of 
anatomical evidence, to be in reality sub- 
opposite and pseudo-verticillate res- 
pectively and derived from the. original 
spiral arrangement by a shortening and 
ultimate elimination of a varying number 
of internodes in between the leaves. 

A prophyll with one or more traces has 
also been recorded in a number of species. 
The lamina of the leaf is characterized by 
a well developed several layered hypo- 
dermis and one or two-layered palisade 
tissue of polygonal cells. The stomata 
are confined to the abaxial side and have 
characteristic upper ledges. 

The author wishes to express his deep 
indebtedness to Prof. V. Puri for guidance 
and suggestions and loan of literature, 
to Prof. P. Maheshwari for his interest; to 
Mr V. P. Dube for help in the preparation 
of diagrams; and to Dr K. C. Sanwal for 
hlep in translating some French passages. 
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THE ENDOSPERM OF ARACHIS HYPOGAEA LINN. 


SUDHA PRAKASH 
Department of Botany, University of Delhi, Delhi, India 


The earliest work on the endosperm of 
Arachis hypogaea is that of Guignard 
(1882). Reed (1924) made a detailed 
embryological study of Arachis and re- 
ported initiation of wall formation in the 
endosperm at a very early stage. Banerji 
(1938) gave an account of the develop- 
ment of ovule and embryo. Smith 
(1956a) has studied the effect of peg? 
elongation on the growth of endosperm 
and embryo. None of these accounts, 
however, gives a clear picture of the de- 
velopment of the endosperm and the 
present report is an attempt in this 
direction. 


Material and Methods 


The material of Arachis hypogaea var. 
TMV 1 was collected from the Delhi 
University Botanical Garden and pre- 
served in formalin-acetic-alcohol. Ovules 
at different stages after fertilization were 
microtomed as well as dissected for the 
study of the endosperm. Sections were 
cut 12-20 microns thick and stained with 
iron-haematoxylin and with safranin-fast 
green of which the latter gave better 
results. For dissections, the ovules were 
pretreated with KOH and the endosperms 
stained in a mixture of glycerine and 
acetocarmine ( 50:50). 


1. For explanation of the colloquial term 
“peg ’ see Smith ( 1950). " 


Observations 


The hemianatropous ovule is bitegminal 
and crassinucellar. At the mature em- 
bryo sac stage the nucellus is reduced to a 
single layer consisting of a few cells at the 
tip of the embryo sac. 

The fertilized embryo sac contains 
abundant starch (Fig. 1) which is a 
conspicuous feature during the earlier 
development of the endosperm ( Figs. 2, 
3). The starch grains are mostly digested 
when the endosperm shows eight or sixteen 
nuclei ( Figs. 4, 5), but sometimes they 
persist up to the 32-nucleate stage. 
Occasional embryo sacs gave evidence of 
single fertilization, i.e. either syngamy or 
triple fusion. This has also been reported 
by Smith ( 1956a, b ) who writes that fre- 
quent failure of fertilization and early 
abortion of embryo in the apical ovule 
results in one-seeded pods. 


Free nuclear divisions in the endosperm ° 


continue until the embryo reaches the 
early dicotyledonous stage ( Figs. 6-10). 
Subsequently the embryo sac elongates 
rapidly and the endosperm nuclei become 
peripherally distributed. The short, 
tubular chalazal portion of the embryo 
sac is richly cytoplasmic ( Fig. 6) and is 
capped by thick-walled cells which act 
as a barrier tissue preventing its further 
growth (Fig. 7). The tubular process 
begins to degenerate after the early 
globular stage of the embryo ( Figs. 6, 
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Fics. 1-10 — Arachis hypogaea, all figures are from dissections except Figs. 7 and 8 (bi, barrier 


tissue; emb, embryo; ii, 
rudimentary haustorium; sus, suspensor ). 
endosperm nucleus; note the starch grains. 
endosperm nuclei respectively. x 317. 

note the short, tubular chalazal portion 


inner integument; ne, nuclear endosperm; oi, outer integument; rh, 

de 1. Embryo sac with zygote and primary 
X < 
Fig. ee Endosperm at early globular stage of embryo; 
+ X : 
largement of micropylar part of seed from Fig. 
globular and early dicotyledonous stages of embryo, x 15. 


Figs. 2-5. Embryo sacs with 2, 4, 8 and 16 


Fig. 7. L.s. young seed. x 15. 


Fig. 8. En- 
7. x 433. 


Figs. 9, 10. Endosperm at late 


Fics. 1-10. 
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9, 10) and later becomes indistinguish- 
able. 

A chalazal endosperm haustorium is a 
common feature of the family Legu- 
minosae (see Pantulu, 1951; Ananta- 
swamy Rau, 1953, 1955; Dnyansagar, 
19544, %b:% Johri 2& Garg; ¥1959)), wlts 
length and breadth may vary from 
1862x608 microns (Delonix regia) to 
380x240 microns (Mimosa pudica ) (see 
Johri & Garg, 1959). The haustorium 
may remain free nuclear as in Stylosanthes, 
Glycine, Rothia (Anantaswamy Rau, 
1955 ), Delonix, Acacia, Prosopis, Mimosa, 
Cassia and Zornia ( Johri & Garg, 1959); 
or partly cellular as in Desmodium gange- 
ticum ( Johri & Garg, 1959); or com- 


pletely cellular as in Cyamopsis psoralioides’ 


and Desmodium pulchellum ( Anantaswamy 
Rau, 1953) and D. laburnaefolium ( Johri 
& Garg, 1959). In Arachis hypogaea the 
haustorium is rudimentary and short-lived. 

When the embryo is fairly well ad- 
vanced in its growth, wall formation 
in the endosperm is initiated simul- 
taneously resulting in a peripheral layer 
of cells enclosing free endosperm nuclei 
and a large central vacuole (Figs. 11, 
12). As wall formation progresses centri- 
petally, the endosperm becomes three or 
four layers thick. In contrast to other 
members of the family, viz. Crotalaria, 
Desmodium, Albizzia and Prosopsis where 
the endosperm is massive ( Johri & Garg, 
1959), in Arachis it is poorly developed, 
only two layers of endosperm persist in 
the mature seed ( Fig. 13); its cells are 
gorged with fatty food reserve. 


Discussion 


The observations of Reed (1924) on 
the embryology of Arachis present rather 
a confused picture. His Figs. 5 and 6 
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have been reproduced here as Figs. 14 and 
15. Reed stated that the initiation of 
wall formation in the endosperm occurs 
even prior to the globular stage of the 
embryo. A careful scrutiny of Fig. 14 
indicates that the few persistent nucellar 
cells at the tip of the embryo sac have 
been misinterpreted by him as cellular 
endosperm. In dissections made at this 
stage I have invariably observed the 
nucellar layer attached to the tip of the 
embryo sac. It can, however, be sepa- 
rated with the help of a pair of fine needles 
under the binocular. Reed also mistook 
the inner integument as nucellus. Fur- 
ther, in the same figure he has shown three 
synergids instead of two and these too 
at the antipodal end. The so-called syner- 
gids may not be antipodal cells either, 
since the latter degenerate soon after 
fertilization. However, the possibility of 
an abnormal behaviour of the antipodal 
cells cannot be ruled out. 

Even as early as 1882, Guignard re- 
ported a late initiation of wall formation 
in the endosperm of Avachis: “‘ Le tissu de 
l’albumen apparaît tardivement, alors 
que les cotylédons ont atteint près de la 
moitié de la longuer du sac embryon- 
naire.’”’ According to Smith (1956b) 
‘ The endosperm may contain as many as 
5000 nuclei at this stage but is entirely free 
nuclear even in the region of the embryo.” 
I wish to confirm that wall formation takes — 
place only after the cotyledons have well 
advanced. Reed’s account is thus in- 
correct. 

The tribe Hedyserae ( subfamily Lotoi- 
deae?), to which Arachis belongs, shows 
considerable variation with regard to the 
organization of the endosperm. In Zornia 


2. For validity of the name Lotoideae (syn. 
Papilionatae ) see Rehder (1945). 


Fics. 11-15 — Arachis hypogaea ( 
me, nuclear endosperm; oi, outer inte 


of the embryo sac magnified from Fi 
endosperm. x 433. 
Reed’s (1924) Figs. 5 and 6: “ Fi 
antipodal end, fertilized egg di 


—— 


ce, cellular endosperm; emb, embryo; ii, inner integument; 


: gument; s, synergid; sus, suspensor; vs, vascular s ly ). 
Fig. 11. L.s. seed at advanced dicotyledonous stage RR x 15. c upPly ) 


Fig. 12. Micropylar part 


31 g. 11 to show massive suspensor and wall formation in the 
Fig. 13. L.s. nearly mature seed. x 15. 


Figs. 14, 15. Reproduction of 


8. 5. Embryo sac with free nuclei against wall; synergids at 


N : vided once, and walls formed a d lei i icini 
Fig. 6. Proembryo with neighbouring nucellus cells; forming alls, done SE at 


suspensor by denser protoplasm and smaller cells.” 
as cellular endosperm is really the persistent nucel 


embryo forming cells distinguished from 
oN tissue marked ce and interpreted by Reed 
us. 
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diphylla ( Anantaswamy Rau, 1953; Johri 
& Garg, 1959) a massive endosperm tissue 
is formed in the upper half of the embryo 
sac while the lower half functions as the 
haustorium. In Stylosanthes mucronata, 
Anantaswamy Rau (1953) reports that 
the endosperm remains free nuclear 
throughout and sends short haustorial 
processes into the integument. Arachis 
hypogaea shows an intermediate condition 
where the haustorium is practically absent, 
cell formation occurs at a very late stage 
and the endosperm is scanty. 


Summary 


The endosperm in Arachis hypogaea is 
Nuclear and the extreme chalazal region 


is narrow and tubular. The latter may 
be said to represent a vestige of the aggres- 
sive haustorium common to most members 
of the family Leguminosae. Centripetal 
wall formation in the endosperm is ini- 
tiated only after the dicotyledonous 
embryo is well advanced in its growth. 
At first a peripheral layer of cells is de- 
limited which encloses free endosperm 
nuclei and a large central vacuole. Even 
in later stages the endosperm is only three 
or four-layered. During the maturation 
of the embryo the inner layers are con- 
sumed so that only the outer two layers 
persist in the seed. 

I am indebted to Dr B. M. Johri and 
Professor P. Maheshwari for useful com- 
ments and encouragement. 
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MORPHOLOGICAL STUDIES IN SOME MEMBERS OF THE 
FAMILY PEDALIACEAE — I. SESAMUM INDICUM D.C. 


S. P. SINGH 
Department of Botany, B.R. College, Agra, India 


Introduction 


The family Pedaliaceae of Bentham & 
Hooker (1862-83) comprises 12 genera, 
ten of which are African in origin, while 
the remaining two ( Martynia & Cranio- 
laria) are American. Oliver, in 1888, 
added a new genus, Trapella, so far known 
only from China and Japan. Unlike other 
members of this family, it is a hydrophyte 
and has epigynous flowers. 

The plants of this family exhibit a very 
wide variety of vegetative and reproduc- 
tive characters. Some of these are ex- 
tremely interesting from the morpho- 
logical point of view: the extra floral 
nectaries in Sesamum and Pedalium, the 
inferior condition of the ovary in Trapella, 
the nature of the placentation and the 
peculiar types of fruits with their variable 
spinous appendages as in Pedalium, Marty- 
nia and Trapella. The importance of the 
last two is of special significance because 
of their use in phylogenetical considera- 
tions. 

On the basis of placentation, Engler & 
Prantl (1897) have segregated Martynia 
and Craniolaria as a separate family 
Martyniaceae and Hutchinson (1959) has 
done the same. However, several other 
taxonomists like Hallier (1905) do not 
support this treatment and follow Ben- 
tham & Hooker in retaining these genera 
in the Pedaliaceae. 

Puri (1951) has indicated that a dis- 
tinction between parietal and axile pla- 
centations, sometimes is untenable, on 
account of the existence of a graded series 
between them. Similarly Eames (1951) 
has shown that the same plant may show 
different types of placentations at diffe- 
rent levels of the gynaecium. It, thus, 
becomes clear that the difference of pla- 
centation alone should not warrant the 
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separation of Martynia and Craniolaria 
from Pedaliaceae; and evidences from 
other possible sources, e.g. organogeny, 
floral anatomy, embryology and the struc- 
ture of seed and fruit, should be taken into 
account for final conclusion. 

The role of embryological data in eluci- 
dating taxonomical problems have been 
dealt with by Maheshwari ( 1950 ), and of 
floral anatomy by Puri (1951, 1952). 
Netolitzky (1926), Corner (1949, 1951) 
and Singh (1952, 1953) have similarly 
demonstrated the utility of seed structure, 
particularly of the seed coat; and Fahn & 
Zohary (1955) of fruit structure in the 
Leguminosae. 

The position of Trapella with its epigy- 
nous flowers, among other predominantly 
hypogynous members of the Pedaliaceae, 
appears to be rather strange. The in- 
ferior ovary of Trapella needs morpho- 
logical determination in order to consider 
its relationship with other members of 
the Pedaliaceae. 

The floral anatomy of the Pedaliaceae 
has been described by Henslow (1890), 
Grelot (1898) and Rao (1955). The 
works of the first two are of historical 
significance only; that of Rao is also rather 
fragmentary. The embryology of plants 
of this family has been studied by Oliver 
(1888), Anderson ( 1922), Nohara ( 1934), 
Mauritzon (1936), Gliick (1940), Sri- 
nivasan (1942), Raghavan & Krishna- 
murty (1947) and Hanawa (1953); but 
most of the work is incomplete and in- 
conclusive. There is enough divergence 
of opinion regarding the behaviour of the 
megaspores, the synergids, the antipodals 
and the differentiation of the micropylar 
and chalazal micropylar haustoria. In 
Trapella Oliver (1888) has reported the 
development of an appendicular structure 
from the chalazal megaspore of the tetrad 
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and a tubercle from the synergids. Ander- 
son (1922) in Martynia and Nohara 
(1934) in Sesamum mention the persist- 
ence of the antipodal cells in post fertiliza- 
tion stages. However this is not support- 
ed by the observations of Mauritzon 
(1936) and Srinivasan (1942) on Sesa- 
mum. According to Johansen (1950) 
the accounts relating to the embryogeny 
are incomplete and lack proper illustra- 
tions. The same holds true of the seed 
structure, for which we are limited to the 
fragmentary remarks of Oliver (1888 ), 
Anderson (1922) and a short review by 
Netolitzky ( 1926). 

It is, therefore, clear that the data 
available from previous studies require a 
thorough checking and fresh studies have 
to be made of those aspects on which no 
work has been undertaken so far. The 
present investigation has been undertaken 
on the key genera of the family, namely 
Sesamum indicum D.C., Pedalium murex 
Linn., Martynia diandra Glox., and Tra- 
pella sinensts Oliv. This paper on Sesa- 
mum indicum is the first of the series. 


Material and Method 


Flowers and fruits of Sesamum indicum 
at various stages of growth were collected 
from the Botanic Garden, B.R. College, 
Agra, and were fixed in formalin-acetic- 
alcohol. The material was run up through 
the alcohol-xylol, as well as the tertiary 
butyl alcohol series, and was embedded 
in paraffin in the usual manner. Serial 
sections 8-20 u thick were stained with 
Heidenhain’s iron - alum - haematoxylin; 
haematoxylin - safranin; safranin - fast 
green, and crystal violet-erythrosin. The 
last combination proved most effective 
for the study of the vasculature of the 
flowers. 

For the study of the structure of the 
pollen grains, whole mounts were prepared 
in aqueous fuchsin and methyl green- 
glycerine gelly (Wodehouse, 1935). 
Harder materials of fruits and seeds were 
hand sectioned. 


Observations 


.FLORAI MORPHOLOGY — The flowers are 
bisexual, hypogynous and zygomorphic. 
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They arise in the axil of leaves and bear 
two lateral bracts, each having a yellow 
button-shaped nectary in its axil. The 
calyx and corolla are pentamerous. The 
androecium comprises only four fertile 
stamens, the fifth being astaminode. The 
gynaecium has a superior tetralocular 
ovary bearing many ovules on axile pla- 
centae. The ovules are anatropous and 
arranged in a row in each loculus. There 
is a more or less circular hypogynous disc 
surrounding the base of the ovary. 
ORGANOGENY OF THE FLOWER — The 
flower initial arises as a dome-shaped pro- 
tuberance in the axil of a bract ( Fig. 1). 
The calyx initials are the first to differen- 
tiate ( Figs. 1, k; 2) and are soon followed 
by those of the corolla and the androecium 
(Figs. 3, 4). The central portion of 
the floral primordium, which is left over 
after the differentiation of the three 
outer whorls (Fig. 5), is found in cross- 
section to develop into two semicir- 
cular outgrowths ( Figs. 8, 9). These are 
pistil initials which develop into the 
gynaecium (Figs. 6, 7). The placentae 
are organized at the meeting places of the 
margins of the pistil initials ( Fig. 10). 
These grow inwards and divide the lower 
portion of the ovary wall formed at right 
angles with the positions of the placentae 
( Fig. 12), the ovary finally becomes four- 
chambered for most of its part, with the 
exception of the uppermost portion which‘ 
still remains unilocular ( Fig. 13). It may 
be mentioned here that this latter region 
does not contain any ovule. 
DEVELOPMENT OF THE NECTARY — The 
nectary arises as a small protuberance in 
the axil of a bract ( Fig. 14). A whorl of: 
five outgrowths differentiates on it resem- 


. bling the calyx, only two of which are seen 


in Fig. 15. There follows a differentiation 
of two alternating whorls of appendages 
comparable to the whorls of the corolla 
and the androecium ( Figs. 16, 17). The 
central portion of the nectary initial is 
found, in cross-section, to have organized 
into two semi-circular outgrowths which 
later on meet and form a dome-shaped 
structure very much like the pistil initial 
of a flower ( Figs. 17, 18). Soon, how- 
ever, the growth is totally arrested and a 
conspicuous change is noticed. The cells 
of the central dome, referred to above 
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Fics. 1-13 — Organogeny of flower (a, stamen; as, additional septum; b, bract; c, corolla; 
f, flower initial; g, gynaecium; À, calyx; nb, nectary bract; ni, nectary initial; p, placenta; ps, 


placental septum; o, ovular initial). 
the axils of bracts. x 25. 


showing placental organization and initiation of ovules. 


Figs. 2-7. L.s. showing development of floral parts. 


Fig. 1. L.s. tip of inflorescence showing flower initials in 


Figs. 8-13. T.s. 
Bies22.45. x2162.5 Rip. 52 1125 ; Big! 


6. x 50; Fig. 7. x 25; Figs. 8-11. x 162-5; Figs. 12-13. x 50. 


( Fig. 18 ), and the appendages take a deep 
stain and are probably secretory in nature. 
Thus, judging from its development, 
the nectary is a flower bud arrested in 
growth and modified to take the function 
of secretion. This determination of the 
morphology of nectary is also helpful in 
revealing the nature of the inflorescence. 
VASCULAR SUPPLY OF FLOWER — The 
stem has a stele of collateral and endarch 
bundles arranged more or less in the form 
of a quadrangle. It has a unilacunar 
node, for a single vascular trace is given 
out to the leaf (Fig. 19, d). This is 
-followed by two lateral branch traces 
(Fig. 19, bn). A vascular trace from each 
of these branch traces supplies the bract 
and the nectary (Figs. 20, 21).. The 
remaining vascular tissue becomes organ- 


ized into a more or less cylindrical struc- 
ture as it ascends into the stalk of the 
flower ( Fig. 22). 

Figure 23 represents a diagrammatic 
perspective view of the flower; the index 
numbers 24-33 indicate the levels from 
which the transverse sections have’ been 
drawn. 

A transverse section of the pedicel shows 
a complete ring of vascular bundles ( Fig. 
24), which at the next higher level gives 
rise to 10 vascular traces ( Fig. 25). Of 
these five alternating bundles form the 
common traces to the corolla and the 
calyx laterals ( Fig. 25). Each of these 
common traces divide into three giving 
rise to two lateral branches to the adjoin- 
ing calyx lobes while the central one 
ascends up to enter the corolla ( Figs. 26, 
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Fics. 14-18 — Development of nectary (b, bract supply; c, appendage cf. corolla; f, a portion 
of flower; k, appendage cf. calyx; n, nectary initial; p, outgrowth cf. pistil; s, appendage cf. stamen ). 


Fig. 14. Nectary initial at the base of the flower. X 162:5. 


of a nectary. Fig. 18. L.s. mature nectary. 


27). Now each of the calyx laterals 
bifurcates before it enters the calyx lobe 
of its side ( Fig. 27). On reaching the 
base of the corolla, the corolla traces 
divide into three ( Figs. 28, 29 ) and move 
up into the corolla tube dividing further 
as they ascend upwards ( Figs. 30-33 ). 
The other group of five traces, alternat- 
ing with the previously mentioned calyx- 
corolla traces, are for the calyx and the 
androecium (Figs. 25, 26). Each of 
these becomes separated into a calyx and 
a stamen trace. The former trifurcates 
immediately and all the three enter the 
corresponding calyx lobe ( Figs. 26, km; 
27, km, kl). The central trace forms the 
median supply to each of the sepals while 
the other two traces form the additional 


Figs. 15-17. Stages in the development 


Figs. 15, 16. x 162-5; Pigs: 17, 18-2230: 


inner laterals. Thus, each sepal receives 
a total of seven bundles, four from the 
adjoining common calyx-corolla traces 
and three from the common calyx-stamen 
traces. These may further divide so that 
the number of the vascular bundles in the 
calyx tube is quite large. 

After the traces to the calyx, corolla 
and the androecium have been given out, 
the residual vascular tissue forms a cen- 
tral stele of an elliptical outline, as seen in 
a transverse section (Fig. 27). At a 
slightly higher level, it breaks and re- 
arranges itself into median, four lateral 
and a number of smaller bundles lying 
between the median and the two lateral 
pairs. The median pair moves out and 
forms the dorsal carpellary traces ( Fig. 
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Fies. 19-22 — (b, bract supply; bn, branch trace; cö, common trace for nectary and its bract; 
f, flower supply; n, nectary supply; nb, bract subtending the nectary; nbs, nectary supply; rt, re- 


maining vascular tissue ). 
along with their subtending bracts. x 50. 


28, dc), while the lateral ones form the 
ventral carpellary traces (Fig. 28, vc). 
Each one of the ventral bundles gives out 
a trace which moves inwards and enters 
the septum! ( Fig. 28). Near the centre 
they fuse with each other and function 
as placental bundles, which give out the 
supply to the ovules (Fig. 31). The 
placental bundles are oriented normally. 
The other weaker bundles, lying in the 
diagonal positions between the dorsal and 
the ventral bundles, form the lateral traces 
of the carpels. 

1. Rao (1955) has described both ventral 


Icarpellary bundles of a side, along with their 
inwardly directed traces, as placental bundles. 


T.s. node showing the origin of vascular supply to flower and nectary 
( For explanation see text.) 


Figure 32 represents a transverse section 
very near the top of the ovary showing 
the unilocular condition and a complete 
absence of any vascular tissue in the 
placental outgrowth. This shows that the 
whole vascular tissue of the placental 
bundles has been completely used up in 
supplying the ovules (Fig. 32). The 
laterals and the dorsal are, however, still 
present in the ovary wall. The laterals 
disappear somewhere in the style while 
the dorsal carpellary bundles reach up to 
the stigmas ( Fig. 33). 

It is interesting to find that the vascular 
trace to the posterior member of the an- 
droecium ( Fig. 30, sf), the staminode, is 
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Figs. 23-33 — Vascular supply of flower (c, corolla trace; ckc, common calyx lateral and 
the corolla trace; cks, common calyx median and the staminal trace; d, disc; dc, dorsal capellary 
traces; kl, calyx lateral; km, calyx median; 1, carpellary ibundles; p, placental bundle; s, staminal 
trace; sp, posterior stamen; vc, ventral carpellary bundle). Fig. 23. Diagrammatic perspective 
view of flower. Figs. 24-33. T.s. at the levels as marked in Fig. 23. Figs. 24-33. x 30. Calyx 
not shown in Figs. 29 and 33. ( For explanation sec text.) 
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- comparatively weaker than the other four 
staminal traces. The bundles of the four 
stamens enter their respective filaments 
and each of them trifurcates on reaching 
the anther (Fig. 31). The two laterals 
“move out into the adjoining anther halves 
while the middle one remains in the glan- 
dular connective. 

VASCULAR SUPPLY OF NECTARY — 
Figure 34 represents a longitudinal sec- 
tion of a nectary. The index numbers 
represent the levels of the transverse sec- 
tions. 

The stele of the pedicel, which is more 
or less cylindrical ( Fig. 35 ), gives out ten 
traces to supply the two outermost whorls 
of appendages ( Figs. 36, 37; cf. calyx and 
corolla whorls ). The remaining vascular 
tissue organizes into five strands which 
enter the third whorl of appendages 
(Fig. 37, cf. androecium). No vascular 
tissue enters the central dome ( Fig. 38, 
cf. pistil). One of the five traces of the 
third whorl of appendages is compara- 
tively weaker than the rest ( Fig. 38, cf. 
staminodal trace). All the five bundles 
appear to end in the basal portion of these 
appendages as no vascular tissue is seen 
at a higher level ( Fig. 39). Thus the 
basic plan of the vascular structure of the 
nectary is more or less the same as that 
of the flower, the important difference 
being in the loss of the calyx laterals and 
the supply to the central dome comparable 
to the pistil. 

MICROSPOROGENESIS AND MALE GAMET- 
OPHYTE — The stamen primordium arises 
as a more or less semicircular protuber- 
ance; it elongates and finally differentiates 
into a long filament, a four lobed anther 
and an ovoid protrusion of the connective 
(Fig. 40, c). Excepting the epidermis 
the cells of the connective are full of 
densely staining cytoplasm (Fig. 41 ). 

As the anther becomes four lobed, a 
hypodermal archesporial tissue appears 
in each lobe ( Fig. 42). The cells below 
the archesporial tissue also develop pro- 
minent nuclei and later on form the inner 
tapetum (Fig. 42). Each archesporial 
cell divides periclinally to produce a pri- 
mary parietal cell and a sporogenous cell 
(Fig. 43). The primary parietal cells 

undergo further divisions and give rise to 
four or five layers of cells below the 
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epidermis ( Figs. 44-46). These comprise 
the endothecium, 2-3 middle layers and a 
single layer of tapetum (Fig. 46). 

The epidermal cells become tangentially 
elongated (Fig. 55), while those of the 
endothecium are radially elongated. 
Characteristic fibrous thickenings in the 
endothecial cells develop by the time the 
microspores have developed into pollen 
grains ( Figs. 54, 55). This is in contrast 
to the findings of Nohara ( 1934), who has 
reported that there is no thickening of the 
endothecial cells. The endothecial cells 
at places become two-layered ( Fig. 54) as 
also reported in Tamarix by Johri & Kak 
(1954). In the region where the anther 
loculi meet the endothecial cells are very 
small with practically no thickening. 
These cells form the weak spots for the 
dehiscence of the anther. The cells of the 
middle layers first become tangentially 
elongated ( Figs. 47, 48 ) and by the time 
the microspores are formed they start 
degenerating. 

The tapetum is of the secretory type. 
Its cells first become binucleate ( Fig. 46 ), 
then they enlarge and show high vacuola- 
tion. The nuclei later on become multi- 
nucleolate ( Figs. 47, 48), a feature also 
noted by Raghavan & Krishnamurty 
(1947). By the time the microspores 
separate from each other, deeply stained 
refractive droplets appear on the walls of 
the tapetal cells facing the anther cavity 
(Fig. 51). A similar occurrence of re- 
fractive droplets on the inner side of the 
tapetum during its degeneration has been 
reported in several other plants, such as 
Cuscuta ( Johri & Tiagi, 1952; Tiagi, 
1951), Aristolochia ( Johri & Bhatnagar, 
1955 ) and Morus (Singh, 1954). 

The tapetal cells become poorer in cyto- 
plasmic content and the nuclei progres- 
sively lose the power of differential stain- 
ing so that the difference between the 
nucleoli and the rest of the nucleus gra- 
dually disappears ( Figs. 51, 54, 55). It 
is then followed by a degeneration of the 
tapetal cells. 

The cells of the sporogenous tissue 
function directly as the microspore mother 
cells. They show a thick mucilaginous 
layer within their original cell wall ( Figs. 
46-48). The original mother cell wall 
breaks down during meiosis and by the 
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Fics. 34-39 — Vascular supply of nectary ( 


appendage cf. calyx; p, appendage cf. pistil; s, supply to appendage cf. stamen). All x 30. 
(For explanation see text.) ; 


c, supply to appendage cf. corolla; k, supply to 
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Fics. 40-58 — Microsporogenesis and male gametophyte (c, glandular connective). Fig. 
40. L.s. stamen showing glandular connective, anther and filament. x 200. Fig. 41. T.s. con- 
‘nective showing glandular cells. x 250. Figs. 42-51. T.s. anther showing microsporogenesis 
and wall layers. x 375. Figs. 51, 52. Development of male gametophyte. x 375. Fig. 53. 
Abnormal pollen grains with four nuclei. x 375. Figs. 54, 55. Thickening of endothecial cells 
and degeneration .of tapetum. Fig. SAS D Eur 550782730752 Eigs?750, .o7.. Equatorial 
land polar view respectively of pollen grains. x 375. Fig. 58. Pollen grain with wide open colpi. 


x 373; 
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time tetrads are formed it disappears com- 
pletely. The microspore tetrads are either 
tetrahedral or isobilateral ( Figs. 49, 50). 
Raghavan & Krishnamurty (1947) have 
reported the formation of as many as six 
microspores from a single microspore 
mother cell in some hybrids of Sesamum. 
After the microspores have separated from 
the tetrads, their nuclei divide and give 
rise to three-celled pollen grains ( Fig. 
52). A few abnormal pollen grains with 
four nuclei have also been observed ( Fig. 
53). Johri & Tiagi (1952) in Cuscuta 
have reported the occurrence of more than 
three nuclei in a pollen grain and have 
suggested two alternative origins for such 
abnormalities: (1) a repeated division of 
the nucleus of the microspore as seen in 
Hyacinthus (Stow, 1930) and Zea mays 
( Beadle, 1931); and (2) the failure of the 
wall formation during meiosis as reported 
in Kniphofia ( Moffett, 1932). The four- 
nucleate condition of the pollen grains in 
Sesamum appears to arise as suggested in 
the former case. 

The wall of the pollen grain is differen- 
tiated into an exine and intine, the former 
showing a characteristic papillose thicken- 
ing and ten longitudinal furrows ( Figs. 
56-58). The mature pollen grains are ob- 
late and spheroidal?, having ten colpi and 
are trinucleate at the time of shedding. 

MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE — The ovular primordium bears 
one to two hypodermal archesporial cells 
(Fig. 59), of which only one develops 
further to function as the megaspore 
mother cell (Figs. 60, 61). Nohara 
(1934) and Srinivasan (1942) have 
reported as many as three archesporial 
cells. The integumentary initials arise 
at the lower level of the archesporial cells 
and ultimately surround the nucellus more 
or less completely leaving only a narrow 
micropyle at the top ( Figs. 60-62 ). 

While the development of the integu- 
ment and the elongation of the megaspore 
mother cell is in progress, the ovule bends 
and becomes anatropous and pendulous 
( Figs. 62, 67). The megaspore mother 
cell now undergoes the meiotic divisions 
giving rise to a tetrad of megaspores ( Figs. 
63, 64). The chalazal megaspore func- 


2. For terminology see Erdtman (1952). 
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tions while the upper three spores degene- 
rate quickly. This is soon followed by 
the degeneration of the nucellar epidermis, 
the only covering of the megaspore ( Figs. 
65, 66). Simultaneously the inner epi- 
dermal cells of the integument develop 
dense cytoplasm and prominent nuclei. 
This layer differentiates into the integu- 
mentary tapetum. 

After the functioning megaspore has 
become elongated ( Fig. 65), its nucleus 
undergoes divisions, first giving rise to a 
binucleate and then to a four nucleate 
condition (Figs. 66-68). At this stage 
there is an elongation of the embryo sac 
accompanied by broadening of the micro- 
pylar end. Another division of the nuclei 
results in the formation. of the eight 
nucleate embryo sac which soon becomes 
organized with an egg apparatus, two 
polars and three antipodals (Fig. 69). 
Very soon the two polars fuse forming a 
big secondary nucleus while the antipodals 
degenerate (Fig. 70). The cells of the 
chalazal region abutting the mature 
embryo sac differentiate to form the hypo- 
stase® ( Fig. 70, h). 

ENDOSPERM — The pollen tube persists 
in the micropyle fairly long after fertiliza- 
tion which, according to Hanawa ( 1953 ) 
and Nohara (1934), is effected with- 
in half-a-day of pollination. Mauritzon 
(1936) and Nohara (1934) refer to the : 
destruction of one of the synergids by the 
impact of the pollen tube and according 
to Mauritzon the degenerated synergid 
persists for a pretty long time in the 
neue of the endosperm at the micropylar 
end. 

The division of the primary endosperm 
nucleus is followed by the formation of a 
transverse wall in the centre of the embryo 
sac forming two uninucleate chambers. 
The micropylar chamber gives rise to the 
endosperm proper and the micropylar 
haustorium, while the chalazal forms the 
haustorium only. The micropylar cham- 
ber first divides longitudinally ( Figs. 71, 
72 ) and then the resulting cells divide both 
transversely and longitudinally forming 
an elongated tissue ( Figs. 73, 74). The 


3. The term hypostase has been used in a 
broad sense to include any of the modification 
ae in the chalazal region ( Johansen, 
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Fics. 59-70 — Megasporogenesis and female gametophyte (h, hypostase ). Figs. 59-64. 
Megasporogenesis. x 375. Figs. 65-70. Development of female gametophyte; note the degene- 
ration of nucellar epidermis and the prominence of the inner epidermis of the integument in Figs. 
65-67. Figs. 65-66. x 375. Figs. 67, 68. x 250. Figs. 69, 70. x 3:25: 


Fics. 71-80 — Development of endosperm 
epidermis of the inte 


Figs! 71-74. Ls. 
Fig. 74. x 200. Fig. 76. T.s. chalazal haustorium: 
note the circumaxial arrangement of the four cells. x 250. Fig. 77. Chalazal portion of the 
endosperm with degenerating chalazal haustorium. x 200. Fi 


(ch, chalazal haustorium; 
gument; mh, micropylar haustorium; p, persistent 
Showing initial stages in development of endosper 
Fig. 75. L.s. chalazal haustorium. x 375. 


e, endosperm; ep, outer 
pollen tube; z, zygote). 
m. Figs. 71-73. x 375. 


i g. 78. Micropylar portion of en- 
X 250. Fig. 79. L.s. degenerating micropylar hausto- 
micropylar portion of the ovule showing endosperm, degenerating 
he integument; note the epidermal cells of the integument forming ! 
d the micropyle of the ovule. x 125. 


dosperm with micropylar haustorium. 
rium. X 200. Fig. 80. Lis. 
micropylar haustorium and t 
‚a collar like structure aroun 
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Fics. 81-95 — Development of embryo (e, endosperm cells; le, lower epidermis of cotyledon; 


p, palisade cells; ve, upper epidermis; z, zygote ). 
Fig. 82. Elongated zygote lying deep in the tissue of endosperm. x 375. 
Figs. 84-93. Stages in embryo development. x 375» 


of the zygotic nucleus. X 375. 


Fig. 81. Zygote and endosperm cells. x 375. 
Fig. 83. First division 
Fig. 94. 


Heart-shaped embryo. x 250. Fig. 95. T.s. cotyledon. x 250. 


chalazal chamber which divides slightly 
later undergoes only two divisions, both 
of which are longitudinal but at right 
angles to each other ( Figs. 75, ONE he 
chalazal haustorium is, thus, formed of 
four elongated cells and this observation 
is in confirmity with that of Mauritzon 
(1936). Srinivasan (1942), however, 
reported only two binucleate cells in the 


chalazal haustorium. It is quite likely 
that Srinivasan has inferred this from a 
study of the longitudinal sections only, 
which would generally show only two 
cells lying side by side. However, four 
cells can be clearly seen in a cross-section 
(Fig. 76). As the main body of the 
endosperm increases, the chalazal haus- 
torium gradually degenerates ( Fig. 77). 
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The micropylar haustorium is differen- 
tiated slightly later and its cells become 
conspicuous by their large size and promi- 
nent nuclei ( Figs. 74, 78). The differen- 
tiation of the micropylar haustorium has 
also been described by Mauritzon ( 1936 ), 
but Hanawa ( 1953 ), Nohara ( 1934 ) and 
Srinivasan ( 1942 ) make no mention of it. 
As the seed matures, the. micropylar 
haustorium also degenerates and its re- 
mains could be found at the micropylar 
end of the seed ( Fig. 80). 

The endosperm proper (excluding the 
haustoria ) is differentiated into three por- 
tions: micropylar, central and chalazal. 
The cells of the micropylar and the chala- 
zal portions are richly cytoplasmic and 
show meristematic activity. They are 
mainly responsible for the growth of the 
endosperm. The cells of the central por- 
tion are vacuolated and devoid of meriste- 
matic activity. This portion can, there- 
fore, take part in the growth of the endo- 
sperm only by the increase in size of its 
cells. In the mature seed only a thin 
layer of endosperm is found to be present 
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surrounding the embryo, the rest of it 
being used up by the developing embryo. 
EmBryo — The zygote (Fig. 81) be- 
comes much elongated and its distal end 
containing the nucleus comes to lie more 
or less in the centre of the endosperm ( Fig. 
82). It, then, undergoes a transverse 
division (Fig. 83) producing a terminal 
cell ca and a basal cell cb ( Fig. 84). The 
latter divides transversely giving rise to 
m and ci (Fig. 85). This is followed by 
a longitudinal division of the terminal cell 
ca producing two juxtaposed cells ( Fig. 
86). Next m undergoes a transverse 
division giving rise to f and d (Fig. 86). 
By the elongation of ci, f, d and further 
divisions of some, a long suspensor is pro- 
duced which helps in pushing the growing 
embryo still deeper into the endosperm. 
The lowermost cell 4 of the suspensor prob- 
ably functions as a hypophysis initial. 
The two juxtaposed cells from ca al- 
ready mentioned undergo another longi- 
tudinal division at right angles to the 
previous plane to form a quadrant of four 
cells (Fig. 87, q). A transverse division 


Fics. 96-100 — Develo 
the integument; 7, inner e 
of the integument ). 
250. Fig. 100. L.s. mature seed. x 15. 


pment of seed coat (c, cuticle; en, endosperm; ep, outer epi i 

à ? : > ‚en, > ep, idermis of 
epidermis of integument; mh, micropylar nine ER 
Figs. 96-99. Development of seed coat. 


p, mesophyll cells 
Figs. 96-98. x 375. Fig. 99. x 
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of the quadrant g gives rise to an octant embryo, consisting of two large cotyledons, 
with the cells arranged in two tiers / and a plumule, a hypocotyl and a prominent 
V’ (Figs. 88, 89). Periclinal walls are radicle. In the mature embryo the vas- 
then laid down in each of the cells of the cular tissue is well differentiated and there 
octant producing a small globular embryo is a palisade layer below the epidermis 


(Fig. 90). of the inner side of the cotyledons ( Fig. 
After the cells of the octant have com- 95). 
pleted their periclinal divisions, the hypo- The present account clearly shows that 


physis initial  undergoes a transverse the development of the embryo of Sesa- 
division by a more or less curved wall um follows the Onagrad variation of the 
(Figs. 90, 91). The upper of the two Onagrad type ( Johansen, 1950), because 
daughter cells divides longitudinally and the first division of the hypophysis initial 
slightly later the lower also divides in the takes place by a curved wall. 
same plane ( Figs. 92, 93). By further SEED — At the megaspore mother cell 
divisions, the derivatives of give rise to stage the integument comprises about 
the root cap and the tip of the radicle. 5-6 layers of cells whose inner epidermis is 
During further development, the glo- differentiated as the integumentary tape- 
bular embryo becomes heart-shaped (Fig. tum. Its cells are meristematic and 
94). It ultimately gives rise to a mature divide both by anticlinal and periclinal 
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2 — lopment of fruit (a, elongated epidermal cell; b, epidermal cell after 
ee sf eee peas Bede: Lae If, longitudinal fibres; 0, outer epidermis ; Dr aad 
verse fibres ). Fig. 101. T.s. ovary wall at the time of ferilization. X 250. Figs. 102- a 
_ Development of epidermal hairs. x 250. Figs. 105, 106. T.s. ovary after fertilization. a E 
| Fig. 107. Diagrammatic perspective view of mature fruit; note the development of fibrous layer 
in positions of lateral bundles and its complete absence in the positions of septa. 
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divisions. Later its own derivatives as 
well as other cells of the integument also 
divide and add to the size and the thick- 
ness of the integument ( Figs. 96-98 ). 

Due to the growth of endosperm and 
embryo, the cells of the inner epidermis 
of the integument gradually degenerate 
leaving only the cuticular layer intact 
(Fig. 99). The process of degeneration 
is, however, not confined to the inner 
epidermis but also takes place in the outer 
adjoining cells of the integument ( Fig. 
JON 

He outer epidermis is the chief layer 
of the seed coat. The cells in a mature 
seed become thick walled and radially 
elongated ( Figs. 98, 99). The extent of 
the radial elongation of these cells is, how- 
ever, not uniform and thus the epidermal 
surface gives a warty appearance ( Fig. 
100). The seed coat, thus, consists of 
the elongated and lignified outer epidermis, 
a few layers of degenerated parenchyma 
and an inner cuticle. 

The mature seed is small, flat and more 
or less ovoid with one end slightly pointed. 
It consists of the testa, a scanty endosperm 
and a large sized spathulate embryo. 

Fruit — At the time of fertilization, 

the ovary wall consists of about 11-12 
‘layers of parenchymatous cells ( Fig. 101 ). 
‘The outer epidermal layer contains charac- 
.teristic glandular hairs, consisting of a 
stalk and a crown of four radiating cells. 
.The epidermal cell, destined. to form the 
‘hair, first elongates and undergoes a 
transverse division forming a basal and a 
terminal cell ( Figs. 102, a; 103, 6). The 
terminal cell then undergoes two longi- 
tudinal divisions giving rise to a quadrant 
of four cells, which elongate and become 
laterally extended to form the charac- 
teristic radiating head of the hair ( Figs. 
102-104). The basal cell also undergoes 
a number of transverse divisions produc- 
ing a row of cells forming the stalk of the 
hair ( Figs. 102-104). As the ovary grows 
older, these epidermal hairs degenerate. 

The leading role in the further develop- 
ment of the ovary is played by the inner 
epidermis and a few layers of cells imme- 
diately adjacent toit. These cells become 
meristematic and give rise to a large 
number of fibre initials ( Fig. 105 ), so that 
the ovary wall becomes differentiated into 
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an outer zone of parenchymatous cells and 
an inner of fibre initials. The fibre ini- 
tials form two layers, an outer of longi- 
tudinally elongated and an inner of the 
tangentially elongated fibres (Fig. 106 ). 
This differentiation of the fibre initials is, 
however, not uniform and in the regions 
of the septa very few cells become fibrous 
(Fig. 107). This unequal development 
of the fibrous tissue in different regions of 
the fruit wall is responsible for differential 
shrinkage ‘and ultimate rupture of the 
parenchymatous region of the wall and 
septa when the fruit starts drying up for 
final ripening. 


Summary 


The flowers of Sesamum are always asso- 
ciated with two button-shaped nectaries, 
placed laterally near the base of the pedi- 
cel. Each nectary is subtended by a 
bract. On the basis of ontogeny and the 
comparative vascular structure of a nec- 
tary and a flower, it has been shown that 
nectaries are potential flower buds that 
has been modified as organs of secretion. 

The floral parts are differentiated in an 
acropetal manner. Each of the three 
outer whorls, the calyx, corolla and the 


androecium, arises from five initial out- 


growths. The gynaecium, however, is 


initiated as two semicircular outgrowths … 


with the placentae developing at the points 
of contact of the two carpellary initials. 
Later on, by the development of another 
septum, the ovary becomes four cham- 
bered for much of its height. 

The vascular supply to the members of 
the androecium and the median bundles 
for the, calyx have a common origin. 
Similarly the calyx laterals and the supply 
to the corolla arise as common traces. 
The gynaecium has two dorsals, four 
ventrals and two placental bundles. Both 
the ventral and the placental bundles are 
normally oriented and the ovular traces 
ascend more or less to the chalaza. 

The anther wall is five to six-layered. 
It is differentiated into an epidermis, an 
endothecium with characteristic thicken- 
ings, 2-3 middle layers and the secretory 
tapetum. The pollen grains are three- 
celled and have ten colpi. | 


| 
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The embryo sac develops according to 
the Polygonum type. The mature sac 
shows only the egg apparatus and a 
secondary nucleus; the antipodal cells are 
ephemeral. | 

The endosperm development is of the 
cellular type and the first division is trans- 
verse. The endosperm proper and the 
micropylar haustorium are differentiated 
from the micropylar segment while the 
chalazal segment gives rise to the chalazal 
haustorium. The growth of the endo- 
Sperm proper takes place mostly by the 
meristematic endosperm cells abutting 
the two haustoria. Cells of the central 
region contribute to endosperm growth 
only by increase in their size. 

Embryo development is after Onagrad 
variation of the Onagrad type. The 
mature embryo is of spathulate type. 
The seed coat is mainly formed by the 
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thick-walled outer epidermis of the inte- 
gument together with a few layers of 
degenerated hypodermal cells and the 
inner cuticle. 

The fruit, which is a dehiscent capsule, 
has its wall differentiated into two zones, 
the outer of thin-walled parenchymatous 
cells and the inner of tangentially and 
longitudinally elongated fibres. How- 
ever, the spots coinciding with the rupture 
of the fruit wall have very poorly deve- 
loped fibres. 

I am very thankful to Prof. Bahadur 
Singh under whose guidance the work has 
been completed and to Prof. P. Mahesh- 
wari for the loan of some literature. In 
the end I express my sincere gratitude 
ton Dr k= Wee Singh “Principally BER! 
College, Agra, for constant encouragement 
and for providing all the facilities for 
research. 


Literature Cited 


ANDERSON, F. 1922. The development of the 
flower and embryology of Martynia louisiana. 
Bull. Torrey. bot. Cl. 49: 141-165. 

*BEADLE, G. W. 1931. A gene in maize for 
supernumerary cell division following meiosis. 
Cornell Agric. Exp. Sta. Mem. 135. 

BENTHAM, G. & Hooker, J. D. 1862-83. Genera 
Plantarum. London. 

Corner, E. J. H. 1949. The Durian theory and 
the origin of modern trees. Ann. Bot. 
( Lond.) 13: 367-414. 

— 1951. The leguminous 
phology 1: 117-150. 
Eames, A. J. 1951. Again the new morphology. 

New Phytol. 50: 17-35. : 

ENGLER, A. & PRANTL, K. 1897. Die Natiir- 
lichen Pflanzenfamilien-Pedaliaceae and Mar- 
tyniaceae. Leipzig. 

ERDTMAN, G. 1952. 
Plant Taxonomy-Angiosperms. 
holm. 

Fann, A. & Zonary, M. 1955. On the pericar- 
pial structure of the Legumen, its evolution 
and relation to dehiscence. Phytomorpho- 
logy 5: 99-111. 

GLück, H. 1940. Die Gattung Trapella. Jb. 
wiss. Bot. 71 : 267-336. 

GRELOT, P. 1898. Reserches sur le systeme 
liberoligneux floral des gamopétalees bicar- 
pélés. Ann. Sci. nat. VIII ( Bot.) 5: 1-154. 

HALLIER, H. 1905. Provisional scheme of the 

: natural (phylogenetic ) system of flowering 
plants. New Phytol. 4: 141-162. 


seed. Phytomor- 


Pollen Morphology and 
Stock- 


Hanawa, J. 1953. The embryo sac formation 
and the embryology of Sesamum indicum L. 
in diploid and tetraploid strains. Bot. Mag., 
Tokyo. 66: 98-102. 

HENnsLow, G. 1890. On the vascular system of 
floral organs and their importance in the 
interpretation of the morphology of flowers. 
J. Linn. Soc. ( Bot.) 28: 151-197. 

Hurtcuinson, J. 1959. The Families of Flower- 
ing Plants. Vol. I. Dicotyledons. Oxford. 

JOHANSEN, D. A. 1928. The hypotase and seed 
sterility in the Onagraceae. Madrôno J. 1: 
165-167. 

— 1950. Plant Embryology. Mass. U.S.A. 

Jouri, B. M, & Traci, B. 1952. Floral mor- 
phology and seed formation in Cuscuta reflexa 
Roxb, Phytomorphology 2: 162-179. 

— & Kax, D. 1954. The embryology of 
Tamarix. Phytomorphology 4: 230-247. 
Jour, B. M. & BHATNAGAR, S. P. 1955. A con- 
tribution to the morphology and life history 
of Aristolochia. Phytomorphology 5: 123- 

137. 

MAHESHWARI, P. 1950. An Introduction to 
Embryology of Angiosperms. U.S.A. 

MAURITZON, J. 1936. Die Endospermentwick- 
lung von Sesamum indicum und orientale. 
Arkiv. Bot. 5: 1-6. 

Morrett, A. A. 1932. Studies in the formation 
of multinuclear giant pollen grains in Kni- 
pfiolia. J. Genet. 25: 315-335. 

Netovitzky, F. 1926. Anatomie der Angios- 
permen Samen. Berlin. 


82 PHYTOMORPHOLOGY 


Nouwara, S. 1934. Gametogenesis and embryo- 
geny of Sesamum indicum L. J. Coll. Agric. 
Tokyo. Imp. Univ. 13: 19-45. 

OLIVER, F. W. 1888. On the structure, develop- 
ment and affinities of Tvapella Oliv., a new 
genus of Pedaliaceae. Ann. Bot. ( Lond.) 11: 
75-110. À 

Purı, V. 1951. The role of floral anatomy in 
the solution of morphological problems. Bot. 
Rev. 17: 471-553. 

— 1952. Floral anatomy in relation to taxo- 
nomy. Agra Univ. J. Res. ( Sci.) 1: 15-33. 

RAGHAVAN, T. S. & KRISHNAMURTY, K. V. 1947. 
Cytological studies in Sesamum-1. Cytology 
of parents, Sesamum orientale Linn. and 
Sesamum prostratum Retz., and the sterile 
amphidiploid. Proc. Indian Acad. Sci. B. 
26 : 236-275. 

Rao, V. S. 1955. 
Bicarpellatae-III. 
Bombay 23 : 18-26. 

SINGH, B. 1952. Studies on the structure and 
development of seeds of Cucurbitaceae-1. 
Seeds of Echinocystis wrightii Cogn. Phyto- 


The floral anatomy of some 
Pedaliaceae. J. Univ. 


[ March 


morphology 2: 201-209. 

— 1953. Studies on the structure and develop- 
ment of seeds of Cucurbitaceae. Phytomor- 
phology 3: 224-239. à 

SINGH, S. P. 1954. Morphological studies on 
Movus spp. Agra Univ. J. Res. (Sci) III 
2: 323-342. 

SRINIVASAN, A. R. 1942. Contribution to the 
morphology of Pedalium murex Linn. and 
Sesamum indicum D.C. Proc. Indian Acad. 
Sci. 16B : 155-162. 

*Stow, I. 1930. Experimental studies on the 
formation of embryo sac like giant pollen 
grains in the anthers of Hyacinthus orientalis. 
Cytologia-1 : 417-439. 

Traci, B. 1951. A contribution to morphology 
and embryology of Cuscuta hyalina Roth. and 
C. planiflora Tenore. Phytomorphology 1: 
1-13. 

WoDEHOUSE, R. P. 1935. Pollen Grains: Their 
Structure, Identification and Significance in 
Science and Medicine. New York. 


*Not seen in original. 


VASCULARIZATION OF THE ROOT-HYPOCOTYL- 
COTYLEDON AXIS OF GLYCINE MAX (L.) MERRILL* 


HARRY LLOYD WEAVER 
Departments of Botany and Agronomy, University of Nebraska, Lincoln, Nebraska 


Introduction 


The vascular pattern of the so-called 
transition region of angiosperm seedlings 
has commanded the attention of many 
investigators over a long period of time. 
Much of the early work, particularly that 
reported during the latter part of the 
nineteenth century and during the first 
decade of the twentieth century, was based 
upon the concept that the entire seedling — 
root, hypocotyl and plumule— possesses a 
vascular system made up of morphologi- 
cally equivalent parts constituting a single 
unit (Esau, 1953). This concept was 
expressed by van Tieghem (1891) and 
was adopted by Eames & MacDaniels 


(1947 ), who describe the change in xylem 
and phloem pattern from root to stem as 
“a forking, rotation and fusion of 
strands’ connecting the root and stem 
directly. Vascular bundles supplying the 
cotyledons were regarded as traces. 
Compton (1912), however, concluded 
that in the majority of epigeal Legu- 
minosae seedlings the primary vascular 
system of the cotyledons, hypocotyl and 
root is a complete unit. In such types he 
found that all of the protoxylem strands 
of the root passed into the cotyledons, 
with the vascular system of the plumule 
superimposed upon the vascular system 
of the root-hypocotyl-cotyledon axis. He 
observed also that in large seedlings the 
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plumular traces were composed of primary 
xylem within the hypocotyl but were not 
prolonged downward into the root. He 
mentions this condition as existing in 
many of the Phaseolae. Winter (1932) 
reports a similar condition in the seedling 
of Medicago sativa. The seedling of 
Melilotus alba is described by McMurray 
& Fisk ( 1936) as possessing a continuous 
primary vascular system from the root, 
through the hypocotyl, and into the coty- 
ledons. Traces to the unifoliate leaf at the 
second node and to the first trifoliate leaf 
at the third node, as well as lateral traces 
to these same leaves, were observed to 
differentiate directly as endarch collateral 
bundles in the upper hypocotyl. James 
(1950 ) reported an investigation of eight 
species of the genus Astragalus in which 
the primary xylem of the root-hypocotyl- 
cotyledon axis was continuous and had no 
transitional relationship to that of the 
plumule. However, two of the phloem 
strands of the hypocotyl were continuous 
into the plumule. 

Certain aspects of the ontogeny of the 
primary axis of the soybean, designated as 
Soja max, were reported by Bell ( 1934), 
in which he describes vascular differen- 
tiation of the seedling axis. He states 
that procambium differentiation in the 
hypocotyl “results in continuity of the 
procambium of the root and the double 
bundle to each cotyledon.’ His brief 
description of primary xylem reorienta- 
tion, however, suggests superimposition 
of cotyledonary primary xylem upon root 
primary xylem, while the accompanying 
illustrations indicate primary xylem con- 
tinuity between root and plumule. 

_ These apparent contradictions indicated 
the need for a re-examination of vascular 
differentiation of the root-hypocotyl-coty- 
ledon axis of soybean [ Glycine max ( L.) 
Merrill ]. Accordingly the present investi- 
gation was undertaken. 


Materials and Methods 


Four varieties of soybean, Kura, Haw- 
keye, Lincoln and Clark, were studied. 
Seeds were planted in coarse vermiculite 
in the greenhouse. The seedling axes, 
without cotyledons, were fragmented and 
fixed in CRAF solution ( Randolph, 1935 ) 


at two, four, six, eight and sixteen days 
after planting. The latter two were 
included to make sure that any contri- 
bution to the primary pattern attributable 
to growth in different parts of the develop- 
ing seedling would be recognizable and 
interpretable. Esau (1953) pointed out 
the necessity for this precaution. 

Preliminary examination of vascular 
differentiation revealed that the two-day 
seedlings were too immature and that at 
four days after planting cambium was 
present in the region of the root hairs and 
in the lower extremity of the hypocotyl. 
At six, eight and sixteen days, consider- 
able secondary xylem was differentiated 
and the primary xylem pattern was some- 
what obscured. Consequently, the four- 
day seedlings were selected for detailed 
study. 

Serial paraffin-embedded sections of 
complete four-day axes were cut at a 
thickness of 12 microns, mounted on slides 
with the gelatin adhesive described by 
Weaver (1955) and stained with the 
Triarch quadruple stain ( Conant, 1954). 


Observations 


Figure 1 depicts diagrammatically the 
pattern of primary xylem and primary 
phloem at various levels within the root- 
hypocotyl-cotyledon axis of a soybean 
seedling four days after planting. The 
general pattern was the same for all 
seedlings studied of the four varieties, 
Kura, Hawkeye, Lincoln and Clark, the 
only differences being slight variations 
in the levels at which various changes in 
the pattern were definitely recognizable. 
Consequently, variety. Kura was selected 
as representative of all. 

At Level 1 of Figure 1, the tetrarch 
exarch radial arrangement of the root is 
pictured. This pattern is maintained at 
Level 2, which is approximately 8 mm 
above Level 1. However, at this older 
level vascular cambium is present internal 
to the primary phloem strands. A change 
in the primary xylem is also noticeable. 
Although differentiated in a general centri- 
petal direction, as they were at Level 1, 
the xylem strands are now triangular in 
cross-section, a condition which appears 
to forecast the pattern revealed at the next 
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level. At Level 2 and at Level 3 the 
phloem strands have increased in magni- 
tude but their general pattern has not 
been altered. 

Level 3, located approximately 5-5 mm 
above Level 2, reflects further mani- 
festation of the changes noted at Level 2. 
A small amount of secondary xylem has 
resulted from vascular cambium activity 
and the xylem strands show a doubleness 
resulting from a change in direction of 
differentiation from centripetal to tan- 
gential. The locations of the four points 
of first primary xylem differentiation have 
persisted and still occupy positions near 
the periphery of the axis. 

The phloem strands and the points of 
first xylem differentiation have both 
undergone changes at Level 4 ( approxi- 
mately 11 mm above Level 3). The 
phloem strands have expanded tangen- 
tially and have been reduced radially. 
There are now eight points of first xylem 
differentiation, that is, a dichotomy of 
the primary xylem strands has occurred 
so that each tangential wing of primary 
xylem is now a separate strand. Vascular 
cambium does not occur at this level nor 
above. 

As indicated by the transverse breaks 
in the diagram, the vascular pattern 
illustrated at Level 4 of Fig. 1 extended 
through most of the length of the hypo- 
cotyl, approximately 30 mm. This con- 
stitutes more than half the actual distance 
from Level 1 to Level 11 in the specimen 
used as the basis for the diagrams. 

The tangential orientation of the pri- 
mary xylem strands gives way at Level 5 
(23 mm above Level 4) to strands dif- 
ferentiated in a concave pattern, with the 
latest-formed vessels indicating a change 
from exarch to endarch differentiation. 
The points of initial primary xylem 
differentiation are still exterior, however. 
The convex strands of phloem have been 
extended tangentially. 

At Level 6, the primary xylem has 
established contact with the phloem, the 
points of initial xylem formation have 
shifted inward and the phloem strands 
have fused into two broad convex strands, 
leaving medullary rays in the cotyledonary 
plane only. Also at this level two small 
endarch xylem strands have been dif- 
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Fic. 1— Diagrammatic representation of 
vascular differentiation in the root-hypocotyl- 
cotyledon axis of a soybean seedling four days 
after planting. 
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ferentiated against the phloem strands, 
occupying positions in the intercoty- 
ledonary plane. These bundles are the 
traces to the plumule and are first seen 
at this level, approximately 2 mm above 
Level 5. 

The only noteworthy change at Level 7 
(0-85 mm above Level 6) is the distinct- 
ness of the two endarch plumular traces 
from the four primary xylem strands of 
the hypocotyl with which they were asso- 
ciated at their point of origin. In addition 
to becoming entirely separate the plumular 
traces have increased in magnitude and 
appear double. This suggestion of double- 
ness does not result in two strands, 
however. 

At Level 8 (2 mm above Level 7) the 
plumular traces are clearly single collateral 
bundles. Formation of four new medul- 
lary rays at this level has transformed the 
two phloem strands into six, two of which 
are associated with the plumular xylem 
strands. Each of the other four is asso- 
ciated with two of the primary xylem 
strands which have persisted from Level 4. 
These eight xylem strands are almost 
completely endarch at Level 8. 

Anastomosis of the phloem strands of 
the non-plumular bundles results at 
Level 9 (0-6 mm above Level 8) in the 
formation of two opposite collateral 
bundles. These bundles are continuous 
with the cotyledonary bundles. Each 
exhibits four distinct xylem _ strands. 
The xylem strands are entirely endarch 
at this level. The xylem strands of the 
two plumular traces have trifurcated, 
forming lateral strands of lesser magnitude 
than the central ones. 

Level 10 (2 mm above Level 9) shows 
further development of the cotyledonary 
bundles. The xylem strands have fused 
in pairs, transforming the bundles into 
monophloic, bixylary units. Trifurcation 
of the phloem of the plumular traces has 
resulted in the establishment of six col- 
lateral plumular traces. The central 
traces are somewhat more massive than 
the lateral ones. 

The condition immediately below the 
cotyledonary node is indicated by the 
diagram at Level 11 (0-28 mm above 
Level 10). Fusion of the xylem strands 
of the cotyledonary bundles has produced 


two massive bundles. In a few of the 
specimens examined, this fusion took place 
in the bases of the cotyledons, and in 
several others the fusion was complete in 
the hypocotyl but still gave some hint of 
doubleness. Most specimens showed two 
completely formed single collateral coty- 
ledonary bundles at a level just below the 
cotyledonary node. 

The plumular traces at Level 11 are of 
about the same magnitude and form 
groups of three in the intercotyledonary 
plane. 


Discussion 


This investigation indicates clearly that 
the primary xylem of the root-hypocotyl- 
cotyledon axis of the soybean varieties 
studied is a single unit. The four xylem 
strands of the root are continuous with 
the two xylem strands of the cotyledonary 
bundles. Bifurcation of the four xylem 
strands of the root results in eight strands, 
each of which becomes endarch in the 
upper hypocotyl after having been oriented 
tangentially through most of its length. 

Endarch plumular xylem traces arise 
in the upper hypocotyl but are not in- 
volved in transformation of the original 
xylem strands from the exarch to the 
endarch condition. These findings cor- 
respond with those of Compton (1912), 
who reported that in most epigeal seedlings 
studied, “all the protoxylem strands 
contained in the root pass up into the 
cotyledons.” He states further that when 
leaf primordia are developed early, as is 
the case with Glycine max, the first 
plumular traces usually are connected 
with the primary tissues of the hypocotyl 
but are not prolonged into the root. 
Examination of Fig. 1 shows that this is 
the case in the soybean varieties included 
in the present study. 

Bell (1934), working with Mammoth 
Yellow variety of the soybean, recognized 
the unity of the procambium of root, 
hypocotyl and cotyledons. However, his 
diagrams of xylem transition indicate 
that parts of the primary xylem of the root 
are continuous into the plumule. He does 
not describe his method of investigation, 
but the small number of diagrams would 
indicate that some levels of the axis may 
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have been overlooked. Also indicated in 
Bell’s diagrams is fusion of apparently 
primary xylem strands beneath the phloem 
strands. Such a connection was effected 
in the specimens in the present study only 
after considerable secondary xylem forma- 
tion. The primary xylem strands re- 
mained separate. Vascular cambium was 
present and active at the upper extremity 
of the root and was continued into the 
lower part of the hypocotyl in the four- 
day-old seedlings. It would seem possible, 
therefore, that Bell may have been 
observing secondary xylem. This is 
further indicated by examination of his 
detailed drawings, where vascular cam- 
bium is rather clearly indicated. 
Disposition of the primary phloem from 
the root, through the hypocotyl and into 
the organs above the hypocotyl does not 
give the clear-cut picture of root-hypocotyl- 
cotyledon unity shown by the primary 
xylem. The rather intricate pattern 
of anastomosis and subsequent sepa- 
ration of the primary phloem strands, as 
shown in Fig. 1, results in a phloem supply 
to both cotyledonary bundles and plu- 
mular traces. There is no superimposition 
of plumular phloem upon a separate 
system, as is the case with plumular xylem. 
James (1950) observed this phenomenon 
in the genus Astragalus and it has been 


indicated in numerous other studies. 
The distinctness of the two vascular 
systems, xylem and phloem, is emphasized 
by these observations. , Although both 
are differentiated from the same primary 
meristem, procambium, their basic pat- 
terns of differentiation are apparently as 
different as are their histological charac- 
teristics and their functions. 


Summary 


Vascularization of the root-hypocotyl- 
cotyledon axis of soybean is described and 
diagrammed in detail. 

It is concluded that the primary xylem 
strands of the root are continuous through 
the hypocotyl with the two cotyledonary 
bundles. The primary xylem of the 
plumule is superimposed upon this axis 
in the upper hypocotyl and is not involved 
in the transition of primary xylem from 
exarch to endarch. 

The primary phloem strands of the root- 
hypocotyl axis contribute to both the 
cotyledonary bundles and the plumular 
bundles. 

The author wishes to express his thanks 
to Mr Hong, Soon-Woo and Miss Beverly 
F. Pagel, who served as laboratory 
assistants. 
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A STUDY OF THE EFFECT OF EXTERNALLY SUPPLIED 
SUCROSE ON THE MORPHOLOGY OF EXCISED 
FERN LEAVES IN VITRO 


IAN M. SUSSEX & MARY E. CLUTTER 
Department of Biological Sciences, University of Pittsburgh, Pittsburgh 13, Pennsylvania, U.S.A. 


Introduction 


In many plant species there is a pro- 
gression of shapes in the successive leaves 
along the stem. In some species such 
shape changes are slight, in others there 
is a conspicuous heterophylly and this 
condition has been attributed in recent 
studies to ageing of the apical meristem 
(Ashby & Wangermann, 1950) to the in- 
creasing nutritional capacity of the en- 
larging plant ( Allsopp, 1953a), or to the 
maturation-delaying effect of older leaves 
(Crotty, 1955). 

Such studies, indicating the diversity 
of factors which may regulate leaf shape, 
have usually been made using entire 
plants in which the effects of experimental 
manipulation may not be fully expressed 
until several leaves have been produced. 
The recent finding that excised leaf pri- 
mordia of several species of ferns can be 
grown to maturity in vitro on simple 
nutrient media of known composition 
(Steeves & Sussex, 1957) suggests that 
such leaves may be used to advantage in 
morphogenetic studies. The marked hete- 
rophylly of most fern species, and the 
prolonged terminal embryogeny of their 
leaves, makes them favorable material for 
studies of this type. 

_ Among the advantages of the excised 
leaf method are the following: the size and 
stage of development of the primordium 
at the time of excision can be determined 
accurately; the experimental treatment is 
applied to the primordium directly and 

-not through an intermediary root-shoot 
system; the normal interactions of the 
organism are eliminated; and the primor- 
dium can be examined directly throughout 
its development. 
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Previous studies using excised leaf pri- 
mordia of ferns ( Steeves & Sussex, 1957; 
Sussex, 1958; Sussex & Steeves, 1958) 
have indicated that large morphological 
alterations can be produced by variations 
in the chemical composition of the nutrient 
medium. The present paper deals with 
the effect of different levels of sucrose, 
supplied in the medium, on the morpho- 
logy of cultured leaves of the fern Osmunda 
cinnamomea L. The number, linear di- 
mensions and surface area of epidermal 
cells from certain of the pinnae were in- 
vestigated also. 


Materials and Methods 


Plants used in this study were collected 
from the vicinity of Pymatuning reservoir, 
Crawford County, Pennsylvania. The 
procedure by which leaf primordia were 
obtained for growth in sterile culture was 
described by Steeves & Sussex (1957). 
The leaves selected were the 5 or 6 pros- 
pective fronds of sets 3 and 2 ( Steeves & 
Wetmore, 1953 ) from the winter bud of 
each plant. When removed these leaves 
were in their third and second growing 
seasons respectively, and in intact plants 
would have matured as fronds in the 
growing seasons 2 and 3 years hence. At 
the time of excision no pinna primordia 
had been formed in these leaves and the 
crozier Was just starting to form in the 
set 3 leaves (Steeves & Briggs, 1958). 

The nutrient media contained modified 
Knop’s solution of inorganic salts, trace 
elements (Steeves & Sussex, 1957) and 
sucrose at concentrations from 0-006 to 
10-0 per cent. No attempt was made to 
equalize the osmotic pressures of the 
media after preliminary attempts to do so 
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with mannitol indicated that this subs- 
tance inhibited leaf development to some 
extent. The initial pH was adjusted to 
5-5 by the addition of NaOH solution and 
media were solidified with 0-8 per cent 
agar. The complete media were auto- 
claved at 120°C for 15 minutes. Ball 
(1953) has reported that this may result 
in some hydrolysis of the sucrose, but 
Allsopp (1955) found no breakdown 
under similar conditions of autoclaving. 

Leaves were grown in a culture room 
with the temperature controlled at 25° + 
1°C., and were illuminated for 12 hours 
per day by 2-tube, 40 watt daylight type 
fluorescent lights located about 2 feet 
above the medium surface. It was neces- 
sary to illuminate the leaves because it 
had previously been found (Steeves & 
Sussex, 1957) that they failed to uncoil 
completely in darkness. Evidence will be 
presented later that the light intensity was 
below that needed for effective photo- 
synthesis. Ten leaves were used in each 
experimental treatment, and loss by 
microorganism contamination was slight 
on all occasions. After eight weeks in 
culture all leaves were transferred to tubes 
of fresh medium. Each tube contained 
20 ml of nutrient medium and leaves were 
planted singly in the tubes. The experi- 
ments were terminated when weekly ob- 
servations indicated that no further leaves 
were developing. 

The largest pinna of each fully expanded 
leaf was removed to formalin-acetic acid- 
alcohol fixative for area and cell determi- 
nations after the leaf had been weighed 
fresh. Dry weight was determined after 
drying at 60°C. Measurements of cell and 
pinna areas were made by cutting out and 
weighing camera lucida outline drawings. 
These drawings were used also for length 
and width determinations. Groups of 
5-8 cells were drawn in each camera lucida 
field to avoid possible subjective selection 
of particular cells. Cell area was deter- 
mined for 30 cells taken from the upper 
epidermis of each pinna, and cell lengths 
and widths were determined for 40 ran- 
domly chosen cells from each treatment. 
The measured cells lay in intercostal areas 
about midway between the midvein and 
margins of each pinnule. The length of 
stomatal guard cells was determined by 
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direct micrometer measurement of 14 
stomata per pinna. In a few leaves there 
was no evidence of a crozier at the termi- 
nation of the experiment. Its position 
was indicated by ascar. It was presumed 
that these leaves had been damaged during 
removal from the plant and they were 
excluded from the tabulated data. 


Observations 


Leaf primordia cultured on most of the 
media developed to maturity as fronds in 
a manner which was described previously 
by Steeves & Sussex (1957). Such cul- 
tured fronds were small but were recog- 
nizable as belonging to O. cinnamomea. 

During the first few weeks, enlargement 
in the leaf resulted principally from growth 
of the basal region. During this time the 
crozier enlarged but it did not begin to 
uncoil until some 6 to 8 weeks after the 
start of the experiment. The length of 
the developmental period varied consider- 
ably on different media, but the majority 
of leaves matured in 12-20 weeks. With 
the exception of that part of the base 
which was embedded in the medium the 
leaves were bright green in color; none 
appeared to exhibit deficiency symptoms. 

Regular deviations from this pattern of 
development occurred in the following 
cases. Inset 2 leaves impairment of blade 
development occurred on media contain- © 
ing more than 2-0 per cent sucrose. The 
croziers of these leaves either uncoiled in- 
completely or, at the higher sucrose levels, 
remained fully coiled. Such croziers were 
usually dead; the leaf bases were living, 
bright green in color, and often heavily | 
callused near the medium surface. About 
20 per cent of set 2 leaves formed roots 
at or near their basal ends. Roots occur- 
red sporadically, but over half were on 
leaves supplied with more than 3-0 per cent 
sucrose. A few leaves growing on 0:006 
per cent sucrose produced aposporous pro- 
thalli. In some, prothalli had developed 
from portions of the blade which touched 
the medium surface, in others prothalli 
were produced from the rachis. A few 
leaves had produced rhizoids from pinna 
cells which touched the medium. Some 
set 2 leaves on media containing little 
sucrose had buds produced from the rachis. 
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The croziers of set 3 leaves supplied with 
high levels of sucrose also failed to uncoil, 
or uncoiled incompletely, and were usually 
dead at the termination of the experiment. 
In addition, set 3 leaves on 0-006 per cent 
- sucrose died completely in 12-15 weeks, 
and before the croziers had uncoiled. Set 
3 leaves did not usually produce roots, 
prothalli, or buds. 

The principal findings of this study are 
summarized in Tables 1-4 and represen- 
tative leaves grown in culture on different 
media are illustrated in Figs. 1-15. These 
data, taken from a single experiment, are 
in general agreement with those of repli- 
cate experiments. Quantitative values 
differ on each occasion, but the trends 
appear to be reproducible. All experi- 
ments were begun during the winter when 
the plants were dormant. 

LEAF S1ZE — All media supported at 
least some increase in leaf height, even in 
those treatments where the croziers re- 
mained fully coiled (Table 1). Leaves 
of set 2 supplied with less than 3-0 per cent 
sucrose and those of set 3 supplied with 
0-025 to 3-0 per cent uncoiled completely, 
developing as fronds, those of set 2 being 
smaller than set 3 fronds grown on the 
same medium. In general, increasing the 
sucrose level in the medium supported 
the growth of taller leaves but in set 3 
leaves maximum height was reached at 
2-0 per cent sucrose, those on 3-0 per cent 
being significantly shorter. The average 
height of set 3 leaves grown on a sucrose 
medium rarely has exceeded 50 mm and 
the maximum height attained by any 
frond of this set in our experiments is 
83 mm, which is much less than the 0-8- 
1-6 m of Osmunda fronds in nature ( Table 
1). In Tables 1-4 are included relevant 
data obtained from mature natural fronds 
of plants growing in the area from which 
the experimental plants were collected. 

The croziers of leaves grown on media 
containing sucrose concentrations higher 
than 3-0 per cent usually uncoiled only 
partway or, at the highest concentrations 
failed to uncoil, and the height of such 
. leaves in Table 1 represents basal growth, 
or that of leaves only partly expanded. 
The premature death of the immature set 
3 leaves on 0-006 per cent sucrose is of 
interest because it indicates that for leaves 


of this initial size the light intensity, suffi- 
cient to induce chlorophyll synthesis, was 
inadequate for effective photosynthesis. 
Since the compensation point between 
carbohydrate synthesis and_ utilization 
was evidently not reached under these 
lighting conditions, as indicated by the 
decrease in dry weight of the leaves, the 
growth and morphology of leaves in 
culture would appear to be dependent on 
the externally supplied energy source. 

Fresh and dry weight of the leaves were 
both increased by increasing sucrose levels 
in the medium to the highest level of 
supplied sucrose. The greater weight of 
leaves on high sucrose levels is attributed 
to the large, often heavily callused bases. 
The final weights of the initially smaller 
set 2 leaves were less than those of set 3 
leaves cultured on the same medium 
but, as with height and many other fea- 
tures the proportionate weight increased 
made by set 2 leaves and greatly exceeded 
those of set 3 leaves ( Steeves & Sussex, 
1957): 

It is of interest that the dry weight in- 
creases for leaves of both sets were pro- 
portionately greater than the fresh weight 
increases, and that over most of the 
medium range, percentage dry weight in- 
creased with rising sucrose content of the 
medium. It was not determined to what 
extent this was the result of greater cell 
wall thickness, but it was observed that 
starch accumulated in the bases of leaves 
grown on 3-0 per cent sucrose in larger 
amounts than were present in those of 
0-1 per cent. In no leaves was a positive 
starch reaction obtained from rachis tissue, 
using either iodine-potassium iodine or 
polarized light tests. 

LEAF SHAPE — The shape of the mor- 
phologically complex leaf of Osmunda 
cinnamomea is determined by a large 
number of components some of which can 
be expressed quantitatively while others 
are difficult to express except in quali- 
tative terms. In the present study in- 
formation has been collected on the 
following aspects of leaf shape: the num- 
ber of pairs of pinnae, the shape of the 
blade, and the blade length-petiole length 
ratio. 

The number of pinna pairs is a conve- 
nient macroscopic indicator of the amount 
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TABLE 1 — EFFECT OF SUCROSE ON SIZE OF CULTURED LEAVES 


LEAF MEDIUM, HEIGHT 
SET PER CENT mm 
SUCROSE 
2 explant 1:6 
0-006 14-4 
0-025 16-0 
0-1 21:6 
0-5 32-6 
1:0 33-2 
2:0 35:2 
3-0 36-3* 
40 34:2* 
6-0 PANG Ute 
80 19-6=% 
10:0 22-05™ 
3 explant 9:2 
0:006 17-4** 
0:025 32-8* 
0-1 40-0 
2:0 57-8 
3-0 50-0 
40 31:6* 
6-0 275964 
8-0 30-7** 
Natural — 1,116-0 
fronds 


*Crozier of some fronds partly uncoiled. 
**Crozier of all leaves fully coiled. 


FRESH Dry PER CENT 
WT WT. DRY WT 
mg mg 

1:4 0-2 14:3 

6-5 1:0 15-4 

9-9 2:0 20-5 
16-3 4-0 24:5 
28:2 7-7 2773 
26-8 75 28-0 
39-8 11:9 29-9 
58-3 18-8 32:2 
47-6 24-1 50:6 
86.9 39-7 45:7 
93-3 41-6 44-6 

126-2 59-0 46:7 
22:7, 5-4 74.3 
50:0 3:3 6:6 
75:1 7-3 9-7 
87-9 10:6 12:1 

163-3 41:3 25:2 

149-5 441 29-5 

139-2 55-0 39-5 

154-6 68-8 44-5 

245-5 109-7 44-6 

26,000-0 3,880-0 14:9 


of embryonic growth which the leaf 


‘Ineristem undergoes before itself differen- 


tiating into a terminal pinna. Pinna 
formation was markedly affected by the 
sucrose content of the medium ( Table 2 ) 
and set 2 leaves showed a greater range of 
response than did those of set 3. On 
0-006 and 0-025 per cent sucrose the majo- 
rity of set 2 leaves had only one pair of 
pinnae and were either dichotomous or 
three-lobed ( Figs. 1,2). Ofthe 15 leaves 
which matured on these media 5 were 
dichotomous and 4 others three-lobed. 
This was -perhaps the most interesting 


observation made in the course of these 


studies, because leaves of comparable size 


and morphology are found in nature only 
as the primary leaves of sporelings. Set 
3 leaves on the same media were pinnate 
with several pairs of pinnae (Fig. 10), 
and it is of interest to note that while set 
3 leaves eventually died on 0-006 per cent 
sucrose ( Fig. 9), the tip did first undergo 
some meristematic growth. From the 
data in Table 2 it appears that the number 
of pinna pairs increased regularly with 
increasing sucrose concentration in both 
sets of leaves, even though the croziers 
of leaves grown at high sucrose levels 
failed to uncoil ( Figs. 8, 14, 15). Be- 
cause of the difficulty of unravelling the 
dead, tightly coiled and brittle croziers 
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Fics. 1-15 — Figs. 1-8. Set 2 leaves. Fig. 1. 0-006 per cent. Fig. 2. 0-025 per cent. Fig. 3. 


0-1 per cent. Fig. 4. 0-5 per cent. 
Fig. 8. 6-0 per cent. Figs. 9-15. Set 3 leaves. 
11. 0:1 per cent. Fig. 12. 2-0 per cent. 
per cent. All x 1:25. 


Fig. 5. 1:0 per cent. 
Fig. 9. 0-006 per cent. 
Fig. 13. 3-0 per cent. 


Fig. 6. 2:0 per cent. Fig. 7. 3-0 per cent, 
Fig. 10. 0-025 per cent. Fig. 


Fig. 14. 6-0 percent. Fig. 15. 8-0 
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OO 
TABLE 2— EFFECT OF SUCROSE ON SHAPE OF CULTURED LEAVES 


LEAF MEDIUM, No. PINNA BEADS, pers ae 
SET PER CENT PAIRS SHAPE ETIO 
SUCROSE LENGTH 
explant 0:0 — — 
Ê 0-006 1-4 1:8 0-24 
0-025 1:9 1:9 0-36 
0-1 3-6 2-4 0-54 
0-5 6-3 3-7 0:96 
1:0 5-1 2-8 0-84 
2-0 71 3-7 0-91 
3-0 9-0 3-7 1:22 
4-0 74 — ven 
6-0 77 en 2 
8-0 7:3 = = 
10-0 8-7 == = 
3 explant 0:0 pits 
0:006 7:3 — aa 
0-025 67 3-3 0-33 
01 74 3-0 0:53 
2-0 10-2 3-6 0-56 
3-0 10-3 4-0 0-55 
4-0 12-2 4 En 
Natural — 27:0 4-0 1:63 
fronds 


*Blade shape: 1 — dichotomous, 
4 = basal pinna pair shorter than next pair. 


= deltoid, 3 = lower pinna pairs all of equal length, 


of these leaves to count the pinnae the 
data are incomplete for certain treatments. 

Blade shape, which is determined by 
the relative lengths of successive pinnae 
along the rachis, is subject to marked 
ontogenetic modification in many ferns. 
In Osmunda the first-formed leaves are 
usually dichotomous or deltoid in shape. 
The basal pinnae are the longest. In the 
progressively larger leaves with greater 
numbers of pinnae, formed on an enlarg- 
ing plant, there are those in which several 
pairs of pinnae are of approximately equal 
size, and finally in the largest leaves the 
lower pinna pairs are outgrown by those 
higher on the rachis, resulting in a blade 
with a broadly ovate outline. 

A scoring system was established by 
which each of the recognized blade shapes 
was given a numerical value (Table 2). 
In cultured set 2 fronds all of the shapes 
characteristic of a natural plant can be 
duplicated or approached (Figs. 1-7). 
When grown on less than 0-1 per cent 
sucrose the fronds were deltoid or dichoto- 
mous. With increasing sucrose content 


of the medium blade shape approximated 
to that of later-formed fronds of the 
natural plant. In the set 3 fronds there 
was a general tendency for the lower. 
pinnae to be slightly or much shorter than 
those higher on the rachis ( Figs. 12, 13). 
However, the shape of the blade did not 
differ significantly on the various media 
( Table 2). 

The ratio of the length of the blade to 
the length of the petiole-leaf base when 
both are fully grown is an index of the 
relative extension of the two parts of the 
leaf axis. Values for this ratio are shown 
in Table 2. In both sets of leaves, with 
increasing sucrose content of the medium, 
there is an increase in the ratio, indicating 
the relative lengthening of the blade axis. 
It is of interest that at 0-025 and 0-1 
per cent the values for set 2 and 3 leaves 
are similar but that at the higher sucrose 
levels the ratio for set 2 leaves continues 
to increase but remains constant in set 
3 leaves. 

PINNA MorPHOLOGY — The sucrose 
level of the nutrient medium affects not 


1960] SUSSEX & CLUTTER — EFFECT OF EXTERNALLY SUPPLIED SUCROSE 93 


Fic. 16a-d — Pinnae from set 2 leaves. 
Fig. 16a. 0-006 per cent. Fig. 16b. 0-1 per cent. 
Fig. 16c. 2-0 per cent. Fig. 16d. 3-0 per cent. 
pall xX 9. 


only the size and shape of the leaf as a 
whole, but also modifies the morphology 
of individual pinnae. Data have been 
collected for pinna shape, area, and pin- 
nule number. 

A question arose as to which pinnae of 
a frond should be examined. In an 
earlier study (Steeves & Sussex, 1957) 
the pinna next above the basal one was 
selected. However, in dichotomous leaves 
there is no such pinna. The basal pinna 
was also rejected because in some leaves 
its growth was so retarded as to be atypi- 
cal. It was therefore decided that the 
longest pinna from each leaf should be 
examined. These were not all from a 
comparable morphological position on the 
‘rachis but they did represent the best 
pinna growth of each frond. 

The data for pinna length (Table 3) 
show a marked similarity to those for 
frond height. In pinnae from set 2 fronds 
the length increased progressively with 
increasing sucrose content up to 3-0 per 
cent. No data are available for leaves 


from higher sucrose levels where the 
pinnae remained unexpanded within the 
crozier. In pinnae from set 3 leaves, as 
with leaf height, maximum length was 
reached at 2-0 per cent sucrose and those 
grown at 3-0 per cent, although fully ex- 
panded, were of reduced length. It is 
worthy of note that the pinnae of set 
2 leaves were actually longer than those 
of set 3 at most sucrose levels. 

Width, which was measured at the 
widest point of the pinna, was maximum 
at 0-1 per cent sucrose in both sets of 
leaves. Pinnae from fronds growing on 
media containing more or less sucrose were 
narrower, and at every sucrose level set 
2 pinnae were wider than those of set 3 
( Table 3). 

Pinna area which is a more reliable 
criterion of size than either of the foregoing 
is also shown in Table 3. In the pinnae 
from set 2 leaves maximum area was 
reached at 0-1 per cent sucrose and was 
maintained over the higher sucrose levels. 
In the set 3 pinnae, however, maximum 
area, which was also reached at 0-1 per 
cent sucrose, was not maintained at the 
higher levels where the pinnae were of 
reduced area. 

The number of pinnule pairs on each 
pinna followed a pattern essentially similar 
to that for pinna number. In both sets 
of leaves pinnule numbers increased with 
increasing sucrose content, and in neither 
was thereevidence thatan optimum sucrose 
content had been attained (Table 3). 

Diagrams of pinnae from leaves grown 
on differing amounts of sucrose show other 
morphological changes ( Fig. 16a-d JT he 
progressive diminution in size of individual 
pinnules with increasing sucrose level of 
the medium, and the increasing uniformity 
of shape of successive pinnules on the 
pinna are apparent. Changes in pinnule 
venation from an irregularly dichotomous 
to the more regularly pinnate venation 
characteristic of adult natural fronds may 
also occur with increasing sucrose content 
(Fig. 16c). 

CELLULAR ANALYSIS — In order to as- 
certain the relative importance of cell 
number or size in the regulation of size 
of cultured fronds an examination was 
made of cells from intercostal areas of the 
upper epidermis of the pinnae. Attention 
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was focused only on pinna size, cell deter- 
minations were not made on tissues of the 
rachis. The selection of one particular 
tissue as representative of the whole pinna 
has obvious limitations. However, Wylie 
(1948) has shown that in Adiantum the 
epidermis is the dominant physiological 
system of the leaf, and epidermal cell size 
has frequently been used as an indicator 
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in developmental studies ( Ashby, 1948; 
Allsopp, 1954; Jones, 1955b). Observa- 
tions were made also on the length of 
stomatal guard cells which are restricted 
to the lower epidermis of cultured fronds 
as they are in natural fronds. Data are 
recorded in Table 4. 

Epidermal cells of cultured leaves are 
generally oblong in shape and the long 
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TABLE 3— EFFECT OF SUCROSE ON PINNA MORPHOLOGY 


LEAF MEDIUM, PINNA 
SET PER CENT LENGTH 

SUCROSE mm 

2 0:006 3-0 

0-025 3°7 

0-1 3-8 

0-5 41 

1:0 3:7 

2:0 4:3 

3-0 4-4 

4-0 —* 

6-0 —* 

8:0 —+ 

3 0-006 + 

0-025 3°2 

0-1 4:4 

2:0 42 

3-0 3-6 

40 —* 

Natural 162-8 

fronds 


*Pinnae not expanded. 


PINNA PINNA No. 
WIDTH AREA PINNULE 

mm mm? PAIRS 
3-2 5-94 1-1 
3-6 7-20 1:5 
3-9 9-39 2-4 
3-6 10-32 2:9 
3-1 7:62 3:0 
3-2 9-21 3:7 
3-2 10-28 4:9 
Pos 2, 37 
= wail 4-8 
ers — 4-8 
— — 3-0 
2-4 4:38 3-3 
2-8 9-34 3:4 
2-6 7-81 5:7 
2-3 6-31 5-7 
= a CRE 
28-3 4,993-80 21-4 
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TABLE 4 — EFFECT OF SUCROSE ON EPIDERMAL CELL SIZE AND NUMBER 


LEAF 


MEDIUM, LENGTH WIDTH AREA CELL No. GUARD 
SET PER CENT mm mm mm? UPPER CELL 
SUCROSE EPID LENGTH 
mm 
2 0:006 0-1249 0:0269 0-002815 2110 0:0477 
0:025 0:0827 0:0246 0:002237 3219 0:0449 
0-1 0:1056 0:0254 0:002856 3228 0:0542 
0-5 0:0995 0-0250 0-002872 3593 0:0542 
1:0 0:0740 0:0219 0:001971 3866 0-0546 
2:0 0:0734 0:0224 0:001374 6703 0-0411 
3-0 0:0711 0:0215 0-001440 7140 0-0383 
3 0-025 0:0906 0:0222 0:001995 2195 
0: 
0-1 0:0816 0:0208 0:001810 5160 Kon 
er 0:0567 0:0193 0:000919 8498 0-0363 
‘0 0:0551 0-0193 0:000828 7620 0:0389 
Natural : . Ê 
free 0:0935 0:0327 0:003037 1642567 0-0588 
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axis of the cell is approximately parallel 
with the nearest vein. The end walls may 
be variously tapered or oblique. Side 
walls of cells from leaves grown at low 
sucrose concentrations are sinuous or 
definitely lobed; those from leaves grown 
at high sucrose levels are usually straight. 
Lobing of epidermal cell walls of cultured 
leaves never approached the very lobed 
condition characteristic of natural fronds. 

In both sets of leaves the epidermal 
cells became shorter and narrower as the 
sucrose content of the medium was raised. 
In the set 2 leaves, where the greater 
number of treatments allows a better 
estimation of these trends, there appears 
to be a sharp break in cell size between 
0-5 and 1-0 per cent sucrose. However, 
because of the irregular outlines of the 
cells, linear dimensions may not neces- 
sarily give an accurate representation of 
cell size, and a more accurate account may 
be obtained by measurement of the surface 
area. The data for cell areas are to be 
found in Table 4. 

In both sets of leaves an approximately 
uniform epidermal cell area was main- 
tained between sucrose levels of 0-006 and 
0-5 per cent. At 2-0 and 3-0 per cent 
sucrose the cells were again of uniform 
area but were only about one half as large 
as cells from the lower sucrose levels. 
Reference to the data for linear dimensions 
( Table 4) will reveal that the reduction 
in area may be attributed chiefly to a 
decreased cell length and that cell width 
was proportionately less affected by varia- 
tion in sucrose content of the medium. 
In the set 2 leaves there is an indication 
at 1-0 per cent sucrose of a transition 
between the large and small cell size, but 
the point to be made is that there appear 
to be distinct cell sizes which are main- 
tained over very wide variations of ex- 
ternal sucrose concentration. The cells 
from set 2 pinnae were consistently 50 to 
70 per cent larger than those of set 3 
pinnae from the same medium. The 
smaller size of cells from set 3 leaves is 
surprising because cell size of natural 
frond pinnae falls in the size class of set 
2 leaves cultured on low levels of sucrose 
( Table 4). 

The total number of cells comprising 
the upper epidermis of the measured pinna 


was derived from the known cell and 
pinna areas. In both sets of leaves cell 
numbers were increased by increasing the 
sucrose content of the medium ( Table 4 ). 
The only exception was that set 3 pinnae 
from 3-0 per cent sucrose had fewer cells 
than pinnae from 2-0 per cent. 

Length of the stomatal guard cells was 
not greatly affected by medium variations 
(Table 4). The guard cell length did not 
vary in a consistent manner and, unlike 
the other epidermal cells, guard cell length 
in the two sets of leaves was quite com- 
parable. 


Discussion 


Results presented in this paper indicate 
clearly that excised leaf primordia of 
Osmunda cinnamomea are capable of a 
wide range of morphological response to 
externally supplied sucrose. These results 
are encouraging because, with the devel- 
opment of a method for growing leaves 
inculture, it is possible to jisolate a leaf 
from the normal, but largely unknown, 
interactions of the organism and to sub- 
ject it at various periods in its develop- 
ment to stimuli of known nature. This 
approach should lead to a better under- 
standing of certain aspects of leaf develop- 
ment than has previously been possible. 

Considerable attention has been direct- 
ed to the causes of size, and more espe- 
cially of shape, of leaves. In these studies 
the ferns have occupied an important place. 
Broadly speaking, hypotheses recently 
advanced to account for the facts of hetero- 
blastic leaf development fall into 2 groups: 
physical and physiological. However, 
the distinction between these 2 aspects is 
not always clear-cut, and it is sometimes 
difficult to ascribe a causal significance 
to one of them alone. 

Hypotheses of the former type would 
explain the changes in size and shape of 
successive leaves as resulting primarily 
from variation in the size of the shoot 
apex, or of the leaf primordium at incep- 
tion, or the changing ratio between these 
two (Richards, 1948). Certainly there 
are marked size changes both of the apical 
meristem and the newly initiated leaf 
primordia during the development of a 
plant. These are especially noticeable 
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in the juvenile stages of many plants 
when the size of the meristematic region 
increases considerably (Abbe, Randolph 
& Einset, 1941). However, it has not 
been satisfactorily demonstrated to what 
extent such initial tissue volumes limit the 
subsequent morphogenesis of the leaf or 
are themselves dependent on some under- 
lying regulation. Mitchell (1953) was 
able to produce large morphological 
changes in leaves of the grass Lolium at 
relatively late stages of their ontogeny 
by varying light intensity or temperature, 
and in the present experiments a marked 
degree of heterophylly could be induced 
in primordia, and particularly those of 
set 2, which were of uniform size at the 
start of the experimental treatment. To 
this extent the basis of heterophylly can- 
not lie primarily in the size of the prim- 
ordium at the time of inception. 

Physiological explanations of hetero- 
phylly. have implicated the changing 
nutritional capacity of the enlarging plant 
( Allsopp, 1953a, b), the progressively 
more complex interactions which charac- 
terize such a plant ( Crotty, 1955; Steeves 
& Wetmore, 1953 ), or a more generalized 
process of ageing ( Ashby & Wangermann, 
1950 ). 

That heterophylly is influenced by nutri- 
tional status has been known since Goebel 
( 1898 ) suggested that juvenile leaves are 
equivalent to adult leaves whose develop- 
ment has been arrested under inadequate 
nutritional supply, and reversion to a 
simpler leaf type has been demonstrated 
in a variety of species placed under condi- 
tions of nutritional stress ( Goebel, 1908; 
Lang, 1924; Allsopp, 1953a). This view 
has been strongly supported by Allsopp 
(1953b ) who states that most of the facts 
of heteroblastic development in the water 
fern Marsilea can be satisfactorily ex- 
plained in terms of nutrient supply. Ina 
long series of experiments he has demons- 
trated the importance of auxins ( Allsopp, 
1952 ), of inorganic salts ( Allsopp, 1953a ), 
and especially of sugars ( Allsopp, 1953b; 
1954) as regulators of leaf shape. 

Wetmore (1953) has also reported on 
the control of leaf shape in excised stem 
tips of several species of ferns by varying 
sugar concentration. Allsopp ( 1953a, b ) 
believes that much of the variety of leaf 
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shape is secondary, being dependent on 
changes induced in the size and physio- 
logy of the shoot apex by the availability 
of nutrients, but Wetmore (1954) has 
stated that the sucrose may act primarily 
in supplying energy to the leaf and thus 
regulating mitotic activity there. 

In the present experiments the level of 
supplied sucrose has been shown to be 
important as affecting the entire morpho- 
logy of the leaf. Apart from its affect on 
leaf shape, the height, weight, number 
of pinnae and pinnules, venation and 
number and size of epidermal cells were 
all affected, as was uncoiling of the crozier. 
In spite of this impressive record of sugar 
effects, which could certainly be extended 
by further study, all aspects of hetero- 
phylly cannot be explained in terms of 
nutrient availability. The smallest and 
simplest leaves obtained in culture, those 
of set 2 growing on very low sucrose levels, 
did approximate in height and shape the 
primary leaves of Osmunda sporelings. 
It seems probable, therefore, that the 
small size and simple shape of these 
cultured leaves, and of such simple spore- 
ling leaves, can be attributed to restriction 
in the supply of sugar. All other cultured 
leaves were smaller than equivalent leaves 
of intact plants and it seems improbable 
that by further raising the level of sup- 
plied sucrose the cultured leaves would. 
have resembled natural fronds more 
closely. In fact, raising the sugar level 
from 2 to 3 per cent resulted in a decrease 
of size in set 3 leaves and further increase 
prevented uncoiling of the crozier in both 
leaf sets. Some additional basis for leaf 
shape must, therefore, be sought. | 

The cell sizes in both rachis tissue 
(Steeves & Sussex, 1957) and pinna 
epidermis are the same or approximately 
similar in cultured and natural fronds. 
The difference in frond size must, then, 
be attributed principally to the fewer cells 
comprising the cultured leaves. It has 
been suggested ( Steeves & Sussex, 1957 ) 
that the restriction of mitotic activity in 
excised leaves, which is characteristic also 
of sporeling leaves and of those forced to 
precocious maturation following experi- 
mental manipulation ( Steeves & Wetmore, 
1953 ), results from the absence or tempo- 
rary suspension of certain interactions 
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which occur in the adult plant. The 
chemical basis of such interactions is 
largely unknown but there is evidence 
that they do not involve carbohydrates 
(Ashby, 1948; Ashby & Wangermann 
1951; Cutter, 1955). In Osmunda cinna- 
momea Steeves & Wetmore ( 1953 ) showed 
that the expanded fronds have a retarding 
effect on the development of leaf primor- 
dia in the bud. This was not replaceable 
by externally applied auxin, although in 
other plants such replacement is possible 
(Goodwin, 1937; Albaum, 1938). In 
other species an inhibitory effect of older 
leaves upon the development of younger 
leaves has been shown (Ashby 1948; 
Sussex, 1958) and Crotty (1955) has 
used this as a basis for interpreting leaf 
development in Acrostichum. He has dis- 
tinguished 2 periods of growth, a meris- 
tematic and a maturation phase. Leaves 
in which the first phase is of brief duration, 
because of few older leaves to provide 
inhibitory effects, mature rapidly and are 
small and simple in shape. Primordia in 
larger buds are subjected to the retarding 
effects of more leaves and undergo a more 
extensive meristematic growth phase. At 
maturity they are larger and of more 
complex form. This statement, which 
provides a mechanism for the regulation 
of leaf size and form, could be utilized as 
a working hypothesis for further studies 
using in vitro culture of leaf primordia, 
attention being directed towards subs- 
tances which might affect either the ex- 
tent or duration of meristematic growth. 
However, it is not yet clear whether the 
meristematic growth phase is limited 
directly or whether the wave of matura- 
tion simply overtakes and terminates 
meristematic growth in the leaf. The 
recent study of Steeves & Briggs (1958) 
and Briggs & Steeves ( 1958 ) sheds some 
light on the relative roles of these two 
phases in the development and uncoiling 
of the crozier. 

Certain morphological differences be- 
tween successive leaves in some species are 
not easily related either to nutritional 
differences in the plant or to the effects 
of interaction. Some of these may re- 
sult from microenvironmental conditions 
(Jones, 1955a) but others have been 
attributed to ageing of the plant as a 


whole, or ageing of the meristems ( Ashby 
& Wangermann, 1951). A distinction 
has not always been made between physio- 
logical ageing per se and the changing 
interactions which characterize an enlarg- 
ing plant. Some authors treat these as 
synonymous (Ashby & Wangermann, 
1950; 1951 ), others deny the existence of 
an ageing process in leaf shape determi- 
nation ( Allsopp, 1953a ). 

Interesting results were obtained by 
Ashby & Wangermann (1951) who de- 
tached fronds of Lemna from the mother 
frond at different stages of their develop- 
ment. These matured in isolation and 
those which were initially smallest under- 
went the greatest percentage growth. 
The epidermal cell size of these fronds at 
maturity was much less than that of the 
mother frond; and the cells of daughter 
fronds removed at later stages were pro- 
gressively larger. Ashby & Wangermann 
(1951) state that these results are con- 
sistent with the hypothesis that the mother 
frond supplies some substance which 
regulates cell size and frond size in the 
daughter and that this is an ageing pheno- 
menon. Their experiments suggest that 
this substance is localized within the 
meristems or close to them. 

The relatively greater response of set 
2 Osmunda leaves to variations in medium 
composition suggests that primordia of 
different chronological age do differ phy- 
siologically. The differences in cell size 
of set 2 and set 3 leaves may also be inter- 
preted in terms of ageing of the leaf meri- 
stem although the trends in cell size are 
here in the opposite sense from those in 
Lemna. In the absence of data for the 
relative growth and cell sizes of set 2 
leaves and equal sized tips exised from 
set 3 leaves it is uncertain that the diffe- 
rences do reflect physiological ageing, and 
it would be premature to interpret the 
results as indicating the action of an 
ageing factor. Future experiments should 
indicate whether an ageing process can 
be demonstrated by the use of cultured 


. excised leaves. 


Summary 


Leaf primordia of Osmunda cinnamo- 
mea excised at two different stages of 
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development undergo varied amounts of 
growth in sterile culture when the medium 
contains varied concentrations of sucrose. 
Increasing the sucrose level generally 
supports the development of taller, heavier 
leaves, but crozier uncoiling is impaired 
above 3-0 per cent sucrose. The number 
of pinna and pinnule pairs is increased as 
the concentration of sucrose rises. Leaf 
shape varies with increasing sucrose level, 
approaching the shape of natural adult 
fronds. 

The area of the largest pinna is maximal 
at 0-1 per cent sucrose and maintains this 
area with increasing sucrose content in 
set 2 leaves, but diminishes in set 3 leaves. 
The length and width of pinna epidermal 
cells decrease with rising sucrose level, but 
change of shape results in a constant cell 
area being maintained up to 0-5 per cent 
sucrose. Between 2-0 and 3-0 per cent 
sucrose cell area is again nearly constant 
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and cells are about one half as large as 
in leaves grown on low levels of sucrose. 
The cells of set 3 leaves are 30-50 per cent 
smaller than those of set 2. Stomatal 
guard cell size appears to be unaffected by 
leaf age or sucrose content of the medium. 

It is concluded that variation in leaf 
shape, heterophyliy, is not simply ex- 
plained. Juvenile leaf shapes could be 
exactly simulated by supplying low levels 
of sucrose, but increasing the sucrose 
content of the medium did not result in 
leaves of height or morphology equivalent 
to natural adult fronds. It is concluded” 
that unidentified interactions in the en- 
larging plant which regulate the rate of 
leaf development may also affect leaf 
shape. 

This study was supported by a grant 
from the National Science Foundation, 
and the authors wish to express their 
appreciation of this aid. 
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REVIEWS 


HUTCHINSON, J. 1959. “ The families 
of flowering plants.” Vol. 1: Dicoty- 
ledons. Pp.xi + 510. Vol. 2: Mono- 
cotyledons. Pp. viii + 511-792. Cla- 
rendon Press, Oxford: Oxford Univer- 
sity Press, London. 147s. 

ALL botanists will welcome the new 

edition of this valuable work first printed 

many years ago (Vol. 1 in 1926, and Vol. 2 

in 1934) and now brought out in a 

thoroughly revised form and in a new 

dress. The two volumes may be dealt 
with separately. 

In the first volume on dicotyledons the 
author continues to regard the Lignosae 
and the Herbaceae as the two principal 
lines, the former including such families 
which are predominantly woody and the 
latter including those which are primitively 
and predominantly herbaceous. He says 
right in the preface: “‘ In putting forward 
this little less than revolutionary system, 
I am well aware that I may be regarded as 
a ‘crank’’’. However, Dr Hutchinson’s 
views in this respect are well known for the 
last many years. Oneauthor, Dr N. L. Bor, 
has actually adopted this classification in 
his ‘‘ Manual of Indian Forest Botany ”. 

In the Herbaceae the first family is the 
Paeoniaceae ( Ranales). Corner consi- 
dered Paeonza as misplaced in the Ranun- 
culaceae due to its centrifugal stamens 
which offer a strong contrast with the 
centripetal stamens of the other genera. 
Earlier, Worsdell presented much anato- 
mical evidence for assigning Paeonia to a 
separate family and since then many 
writers have supported this view. How- 
ever, Dr Hutchinson does not consider 
it to be allied to the Dilleniaceae as pro- 
posed by Corner, but as a sort of connect- 
ing link between the Magnoliaceae and 
Helleboraceae. It may well be that this 
is the correct view but an evaluation of the 
anatomical and embryological data is 
necessary before its final acceptance. 

In the first edition the author had fol- 
lowed Wangerin in placing the Garryaceae 
between the Salicales and Myricales. From 


further examination revealing an un- 
doubtedly inferior ovary in Garrya, this 
family is now placed next to the Corna- 
ceae — an assignment also supported on 
the basis of wood anatomy. 

The reviewer is pleased to find that the 
author agrees with his opinion on the sys- 
tematic position of Sphenoclea and includes 
it in the Campanulaceae, although Airy 
Shaw sought to transfer it to the Phyto- 
laccaceae. He adds “I also consider 
Pentaphragma (Pentaphragmataceae of 
Airy Shaw ) to be equally correctly placed 
in Campanulaceae.” This opinion too I 
am in a position to confirm from recent 
embryological studies carried out in my 
laboratory. 

A few years ago the suggestion was made 
by Mr Airy Shaw of the Kew Gardens 
that the genus Nyctanthes, belonging to 
the Oleaceae, should henceforth be 
transferred to the Verbenaceae. Since 
Dr Hutchinson’s opinion on this point 
would be important, the reviewer looked 
for this genus in his book but could not 
find it either under the Oleaceae or the 
Verbenaceae. A reference to the index 


also failed to be of help as it has simply ° 


been omitted ! 

In. the monocotyledons the author 
stresses the resemblance between the 
Ranales and the Helobiales. The Buto- 
maceae share with the Cabombaceae a 
peculiar form of placentation in which the 
ovules are irregularly scattered over the 


—— 


inner surface of the free carpels instead of ° 


being confined to the margins. The free 
carpels recall those of the Helleboraceae. 


The genus Butomus with its umbellate : 


inflorescence is supposed to supply the 
key to the problem of the origin of the 
Amaryllidaceae. Attention is also called 


to the resemblances between the Alisma- ” 


taceae and the Ranunculaceae and it is 
emphasized that but for its solitary coty- 
ledon and lack of endosperm the genus 
Ranalisma might equally well be placed 
in the Ranunculaceae. However, between 
the Alismataceae and the Ranunculaceae 
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there are notable differences in the embryo 
sac, endosperm and embryo which seem 
to preclude any close relationship. 

Under the Butomaceae the author in- 
cludes Limnocharis, Hydrocleys, Butomus 

‚and Tenagocharis but cytological, anato- 
mical and embryological evidence seems 
to be fairly conclusive that Butomus alone 
should be assigned to this family and the 
other three genera included under the 
Alismataceae. 

The Lemnaceae are correctly considered 
as reduced derivatives of the Araceae 
which in turn are derived from the Lilia- 
ceae through the tribe Aspidistreae. 

There are important re-arrangements 
under the Liliales in which the Liliaceae 
forms a basic group for the origin of many 
families. Here the author calls attention 
to the evolution of a more advanced type 
of root system culminating in the bulb 
of the Amaryllidaceae and the corm of the 
Iridaceae. Further, the corm and bulb 
have developed hand in hand with the 
attractive uniseriate perianth. 

The size of the Liliaceae has been re- 
duced considerably by separating such 
groupsasthe Trilliaceae, Smilacaceae, Rus- 
caceae, Xanthorrhoeaceae and Agavaceae. 
In addition the Dracaeneae, Smiliaceae, 
Luzuriageae and Allieae have also been 
removed, and the rest of the genera 
arranged under 28 tribes. Calochortus is 
retained under the Tulipeae, although the 
evidence is conclusive that it should form 
a separate tribe and this has been fully 
presented by several writers. 

In most systems of classification the 
Amaryllidaceae are separated from the 
Liliaceae on the basis that the former 
have an inferior and the latter a superior 

‘ovary. According to Dr Hutchinson here 
the type of inflorescence is of much greater 
importance than the position of the ovary 
and consequently several genera have 
been removed from the Amaryllidaceae 
and assigned to separate families such as 
the Hypoxidaceae, Alstroemeriaceae, Aga- 
vaceae ( to which is added the Dracaeneae 
from the Liliaceae ) and the Velloziaceae. 
.On the other hand, the tribes Agapan- 
theae, Allieae and Gilliesieae, all with a 
superior ovary but an umbellate inflores- 
cence, have been transferred to the 
Amaryllidaceae. There is much to be 


said for this re-arrangement, but it is 
necessary to review the anatomical and 
embryological data in this light. 

From the liliaceous stock branched the 
Juncales which in turn gave rise to the 
Cyperales on the one hand and Glumales 
on the other. The similarities of the 
Zingiberales and Orchidales, so com- 
monly stressed in taxonomic works, are 
considered to be the result of parallel 
development. 

The greatest value of the book lies 
in the excellent illustrations, distribution 
maps and concise descriptions. There are 
also very workable keys with the help of 
which an unknown plant can be referred 
to its family. The printing and general 
get-up are of the usual high standard of 
the Oxford University Press. 

Among criticisms the most important 
from the point of the user of the book is 
that there is no detailed and separate 
index for Vol. I. There is a family index 
on pp 101-103 but even this should have 
been put in the usual place at the end. 
Actually since the two volumes are more 
or less independent, each should have had 
a separate generic index, one for the 
dicotyledons and one for monocotyledons. 
Another criticism is that anatomical and 
embryological data have not received 
adequate consideration. At one place 
the author says: ‘ Too much reliance on 
anatomical characters alone seems to me 
to result, sometimes, not in classification, 
but declassification.’ However, neither 
anatomists nor embryologists claim that 
“too much reliance’’ should be placed 
on such data. All that the reviewer 
would like is to see them considered and 
properly evaluated in relation with the 
information we have of the general mor- 
phology of the plants. 

The book will remain a valuable work 
of reference for many years to come. 

P. MAHESHWARI 


RANDHAWA, M.S. 1958. “ Agriculture 
and animal husbandry in India.” 


Pp. xvi + 364. Indian Council of 
Agricultural Research, New Delhi. 
Rs 15.00 


WHILE a considerable amount of work 
has been done on the improvement of 
Indian crops and livestock, this is buried 
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in Farm Bulletins, Reports of the Indian 
Council of Agricultural Research and the 
Ministry of Food and Agriculture, and the 
volumes of ‘‘ Indian Farming”. Dr Ran- 
dhawa deserves our thanks for bringing to- 
gether much of this information in a single 
volume. The book is lavishly illustrated 
with photographs, maps and tables and 
is sure to be useful alike to administrators, 


agricultural officers, and teachers and 
students of economic botany. 
There are three major sections. The 


first deals with the land and comprises 6 
chapters concerning the geology, soils, 
climate, vegetation types, agricultural and 
animal husbandry regions, and irrigation. 
The second, which deals with crops, is the 
largest with 36 chapters embracing much 
valuable information on rice, wheat, barley, 
millets, maize, pulses, potato, tapioca, 
groundnut, castor, niger, safflower, sesame, 
rape, mustard, linseed, cotton, jute, mesta, 
sugarcane, tobacco, betel, lemon-grass, 
pepper, chillies, cardamom, ginger, tur- 
‘meric, clove, nutmeg, coconut, arecanut, 
cashewnut, coffee, tea, rubber, cinchona, 
lac, and many temperate as well as tropical 
fruits, This is undoubtedly the most useful 
part of the book. Here information is 
given not only on the distribution and, 
acreage but also on the varietal position and 
the types suitable for each area. The third 
section deals with farm animals, poultry 
and fish and comprises five chapters. 
These are followed by some statistical 
tables, the bibliography and the index. 

The publication is very timely as it 
focuses attention on the present urgent 
need for augmenting India’s food re- 
sources. It is well known that the yields 
of crops are low in this country but 
with proper manuring and irrigation and 
improved cultural methods they could 
easily be doubled. 

The printing, binding and general get- 
up of the book are very satisfactory. 

P, MAHESHWARI 


FOSTER, A, S. & GIFFORD E. M. 
Jr. 1959. ““ Comparative Morphology 
of Vascular Plants” Pp. 555. 
W. H. Freeman & Co., San Francisco. 
$9.00. 

THE authors state in their preface that 

they believe there is a great need for 
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a textbook, which, in addition to providing 
a purely factual description of all the main 
groups of vascular plants, will also display 
clearly the procedures, general principles, 
and objectives of comparative morpho- 
logy. Furthermore, the authors express 
the hope that their text will orient and 
vitalize the teaching of plant morphology, 
as well as emphasize the important rela- 
tionships between morphology, taxonomy, 
and experimental morphogenesis. 

The present volume is primarily in- 
tended to serve as a text for an advanced 
one-semester course in plant morphology, 
consisting of two lectures and six hours of 
laboratory work per week for a period of 
15 weeks. 

The first six chapters, totalling 100 
pages, contain a well-designed discussion 
of the general principles of plant mor- 
phology, subdivided under the following 
major topics: the science of plant mor- 
phology, the salient features of vascular 
plants, the vegetative sporophyte, sporan- 
gia, gametangia, andembryogeny. Inthe 
reviewer's opinion, these first six chapters 
constitute one of the most important con- 
tributions of the text, for a discussion of 
the principles of plant morphology can be 
found nowhere else in a single publication, 
but instead are scattered throughout the 
voluminous literature on the subject. 

Nevertheless, despite the definite need 


for the delineation of these morphological — 


principles, their presence in the introduc- 
tory chapters of the text imposes some 
pedagogical problems for those who adopt 
this book as their text. For example, 
although a thorough understanding of 
morphological principles and features of 
evolutionary importance is necessary 
before the student begins the study of the 
details of the morphology of the various 
groups of vascular plants, it is difficult, if 
not impossible, to present initial labora- 
tory exercises which will aid the student 
in understanding these salient principles. 
The only alternative (and the one em- 
ployed by the reviewer, albeit admittedly 
his announcement failed to arouse much 
enthusiasm from the members of his class ) 
is to assign the first 100 pages to be read 
prior to the second lecture. In this way 
the initial reading assignment, although 
abnormally lengthy, assists the student’s 
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comprehension immeasurably prior to the 
first practical laboratory session on the 
Psilopsida. 

The classification followed in this text 
is essentially that outlined in 1936 by 
Eames, who, in turn, acknowledged the 
adoption of some of the earlier concepts 
of Jeffrey. In brief, the major group 
(“ division”) of the plant kingdom 
characterized by the possession of vascular 
tissue is referred to the Tracheophyta. 
Further, four “subdivisions ” are recog- 
nized as follows: Psilopsida, Lycopsida, 
Sphenopsida, and Pteropsida. A com- 
mendable feature in the introductory 
paragraphs on the first three subdivisions 
is an outline of the most important orders, 
families, and genera (both extant and 
extinct ), together with the salient charac- 
teristics defining the limits of these taxa. 
In this connection, it should be mentioned 
that the authors’ estimable treatment of 
fossil plant groups in their proper phylo- 
genetic sequence, although by necessity 
brief and somewhat eclectic, is by far the 
best procedure in order to impress upon 
the student lasting concepts of the phylo- 
geny of the vascular plants. 

Presumably based upon the need to 
keep this text of a length adaptable for 
use in a one-semester course, discussions 
of some of the following taxa of Pteropsida 
are either omitted entirely or else are 
barely mentioned: Salviniaceae, Pteridos- 
permae, Cordaitales, and Bennettiales. 
In addition, the morphological features of 
the more primitive families of leptospo- 
rangiate ferns, viz., Osmundaceae through 
Cyatheaceae, are briefly summarized in a 
few paragraphs. Nevertheless, the puta- 
tive relationships of the major fern families 
(based on Bower’s interpretations ) are 
adequately discussed and figured. Also 
included for the first time in a standard 
text is an enlightening summary of the 
work on experimental morphology of ferns, 
based mainly on the recent researches of 
Wetmore, Wardlaw, and their students. 
The significance of a knowledge of chromo- 
some number and behaviorin the taxonomy 
of the lower vascular plants (emphasizing 
the researches of Irene Manton ) is another 
welcome addition toa text on morphology. 

In the remaining chapters the Cyca- 
dales, Ginkgoales, Coniferales, Gnetales 
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(senst lati), and Angiospermae are 
treated as fully as space permits. The 
discussion of the known evolutionary 
trends in all organs of the angiosperms is 
especially well done. 

Although the reviewer acknowledges 
that no special virtue is attached to the 
ability to point out minor flaws in a pub- 
lished work, the following criticisms are 
listed in the hope that they will be con- 
sidered as constructive. Almost all of 
the well-chosen line drawings and photo- 
graphs are of exceptional quality; how- 
ever, the diagrams illustrating generalized 
life cycles, e.g. Fig. 14-5, and alternation 
of generations ( Fig. 2-1), apparently in 
an effort to make commonplace botanical 
subjects more “‘dynamic’’, are artisti- 
cally overdone. That is, the art work 
and fancy hand lettering tend to distract 
the reader’s attention from the important 
features of the diagrams. Other similar 
examples may be seen in Figs. 13-10, 14-4, 
and 19-23. On page 82, lines 6 and 7, a 
transposition of text occurs. On page 
131 ( Fig. 8-1) it is very doubtful if the 
species illustrated is actually Lycopodium 
lucidulum as labelled. Finally, most of 
the photomicrographs would gain in value 
to the student if magnifications were indi- 
cated in the legends. 

It is emphasized that the above-listed 
criticisms are, for the most part, of rela- 
tively minor importance, and accordingly 
detract but little from the overall value 
of this commendable text. The general 
format of this book is of high quality, its 
readability is noteworthy, and the care- 
fully selected references following each 
chapter are of inestimable value. The 
reviewer confidently predicts that this 
volume will successfully stand the critical 
tests of time and classroom usage. 

J. E. CANRIGHT 


CEAPHAM a Ag oR SLUTIN ST. Gi 
WARBURG, E. F. 1959. ‘Excursion 
flora of the British Isles.” Pp. xxxiii 
+ 579, University Press, Cambridge. 
22s. 6d. 

In 1952 the authors published an exhaus- 

tive Flora of the British Isles. This is a 

shortened and less expensive version of the 

same convenient to carry on field trips 
and therefore designated as Excursion 
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Flora. The rather considerable reduc- 
tion in number of pages has been achieved 
by omitting detailed descriptions of a 
number of species, dropping out most of 
the illustrations and synopses of classi- 
fications, and omission of the rarer 
neutralized aliens. A few new species 
have, however, been added, which have 
been detected only after 1952. These 
are Diapensia lapponica (Diapensiaceae), 
Artemisia norvegica (Compositae) and 
Koenigia islandica ( Polygonaceae). The 
authors have also made use of this oppor- 
tunity to revise certain plant names and 
make a few taxonomic changes which 
were essential in view of increased know- 
ledge. The book is now only one third 
of the size of the original and can be 
carried about in a coat pocket. Even as 
it stands, it carried a great deal of infor- 
mation although more serious students 
would probably like to refer to the older 
book for details. 

The prominence given to common 
names is probably unnecessary and un- 
desirable, for people using the book and 
others should be encouraged as far as 
possible to learn botanical names and dis- 
card such meaningless designations as 
“cat-mint ”, ““horehound’’, “sheep’s-bit”’, 
‘ Bats-in-the-Belfry ’’ and so on. 

The Excursion Flora is excellent and 
one wishes very much that similar floras 
are prepared for tropical countries. 

P. MAHESHWARI 


HORSFALL, J. G. & DIMOND, A. E. 
(Editors) 1959. “ Plant Pathology: 
an advanced treatise.” Vol. I: The 
diseased plant. Pp. xiv + 674. Aca- 
demic Press, Inc. New York. - $ 22.00. 

THIS treatise is planned in three volumes 
giving an integrated account of the science 
of plant pathology. In the first the di- 
seased plant forms the central theme; the 
second is to focus attention on the patho- 
gen and the techniques for inhibiting it; 
and the third will give an account of 
disease epidemics and their control. 

In the volume before us the first chapter 
entitled ‘The diseased plant’ written 
by the editors themselves gives an ex- 
cellent introduction of the scope of plant 
pathology and the impact of plant disease 
on society. The authors point out that 
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in the drama of phytopathology the main 
thing is the diseased plant itself while 
the pathogen, when present, must occupy 
an ancillary position. The second chapter 
on “Scope and contribution of plant 
pathology ”’ written by J. G. Ten Houten 
points out the relation between plant 
pathology and other sciences; and the 
third by G. W. Keit gives one of the 
most readable accounts we have of the 
“History of plant pathology ”. 

Page 100 begins with the title How 
sick is the plant ?’” Here K. S. Chester 
gives an able account of the symptoms 
and extent of disease and the losses 
caused by it. The difficulty of measuring 
them is pointed out in the following 
sentences ‘‘Since a plant has no blood 
pressure or pulse and can show no fever, 
the diagnostician sometimes has difficulty 
in knowing how sick is the plant. Since 
he has difficulty in measuring disease 
quantitatively in the single plant, he 
has difficulty in measuring it for the whole 
crop. Having gained ability to measure 
the sickness in the crop, there remains the 
complex problem of relating this to the 
amount of loss to the agriculturist or 
horticulturist.”’ 

In Chapter 5 Hussain & Kelman give a 
thorough account of the internal effects 
of the pathogen under the title ‘‘ Tissue 
is disintegrated’’. The need is 
phasized for further research on the basic 
nature of the enzymes involved in degra- 
dation of the cell-wall as well as the 
living protoplasts, for such knowledge is 
fundamental not only in elucidating the 
mechanism of pathogenesis but also 
in finding out new and more effective 
methods for preventing the disintegration 
of tissues. 

The next chapter by A. C. Braun bears 
the title of ‘‘ Growth is affected ’’ and here 
we have an account of all kinds of malfor- 
mations such as galls, tumors and other 
abnormalities. This is followed by one 
on “ Reproduction is affected’ by A. 
Ciccarone, and another on “ The host is 
starved’’ by C. Sempio. Not only is 
photosynthesis impaired, mineral nutri- 
tion and transport of materials reduced 
by infections of the roots and xylem 
vessels, and the rate of respiration in- 
creased, but the competitive action of 
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_toxins of antimetabolites also inhibits the 
biosynthesis and subsequent utilization 
of the metabolites. 

In Chapter 9 Subramanian & Saras- 
wathi-Devi discuss the derangements in 
absorption, transport, and transpiration 
of water which are often accompanied by 
a disturbance of other basic processes such 
as carbohydrate and nitrogen metabolism, 
respiration and mineral uptake. Next 
we come to Uritani & Akazawa’s account 
of “ Alteration of the respiratory pattern 
in infected plants.” In addition to the 
increase of respiration and the biochemical 
changes which accompany it a reference 
is also made to the relationship between 
the altered respiratory pattern in infected 
plant tissue and defense reactions. 

In Chapter 11 we have S. Akai’s account 
of the defensive phenomena in disease 
incidence from the histological and cyto- 
logical viewpoints, followed by another 
chapter on the “‘ Physiology and bioche- 
mistry of defense” by P. J. Allen. In- 
spite of the imperfections of our knowledge 
of the factors involved it is clear that the 
health of many plants is maintained not 
so much due to mechanical barriers or to 
escape from infection but through an 
active ‘‘ metabolic initiative ’’ which in- 
capacitates the pathogen before it can 
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do much harm. It is pointed out that the 
problem of compatibility between the 
pathogen and its host is one phase of a 
broad biological problem which comes 
into play in many other processes like the 
growth of the pollen tube, the fusion of 
gametes, the acceptance or rejection of 
grafts, and the reactions in the animal 
body to foreign substances. 

Chapters 13 and 14 deal with “‘ Hyper- 
sensitivity ’’ and “ Predisposition’ and 
are written by K. O. Miiller and C. E. 
Yarwood respectively. In the last chapter 
Howard and Horsfall give an up-to-date 
account of the modern developments in 
chemotherapy ending with the paragraph: 
“ And thus we end our story. This is 
where our ideas of ‘ Plant Disease Therapy’ 
stand today. But tomorrow — who 
knows?’ This is followed by an ex- 
haustive author index and a subject index. 
There are very useful bibliographies for 
each chapter. 

The appearance of the book marks an 
event in writings on Plant Pathology. 
International in scope, it does great 
credit alike to the editors, authors and 
publishers. Botanists and plant patho- 
logists will keenly look forward to the 
appearance of the next two volumes. 

P. MAHESHWARI 
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1. Unless confusion would otherwise arise, the 
author’s name should appear as initials ( but female 
authors may use one given name in full) and sur- 
names only, without titles or suffixes. The name 
and address of the laboratory where the work was 
performed should be noted immediately below 
author’s name. Any necessary descriptive material 
regarding the author, e.g. Senior Fellow, National 
Institute of Sciences, India, or details of financial 
support, should appear as a footnote on the first 
page, or preferably in the acknowledgements at the 
end of the paper. 

2. Articles will be received only from members 
of the International Society of Plant Morphologists 
and may be written in English, French or German. 
Although no definite limit can be laid down, papers 
should not ordinarily exceed 20 printed pages. 
While it is recognized that full detail is essential in 
many cases, a good many articles can be shortened 
by changes in wording, by avoiding a description of 
what is already well known, and by elimination of 
repetition. 

3. Authors are requested to examine this copy of 
Phytomorphology to note the general organization, 
position of headings, punctuation and abbrevia- 
tions in order to bring the script into conformity 
with the general style of the journal. Footnotes 
should be numbered consecutively as 1, 2, 3, etc. 

4. In many manuscripts sent to the editors, 
footnotes, bibliographies, descriptions of figures, 
etc., are typed single spaced. Since such material 
requires as much editorial marking as the rest, 
authors are urged to use double spacing throughout. 

5. Literature citations are to be typed double 
spaced like rest of the manuscript. Give com- 
plete citation: author, year, title, name of journal, 
volume number and inclusive pages. In abbre- 
viating names of journals follow ‘“‘ World List of 
Scientific Periodicals’, or the “ U.S. Department 
of Agriculture list of abbreviations’’, or the list 
given in Biological Abstracts. The words ‘ Indian ? 
and ‘Indiana’ should not be abbreviated. A 
sample citation is given below: 

STOKEY, A. G. 1948. The gametophyte of Actini- 

opteris australis. J. Indian bot. Soc. 27: 40-49. 

6. The patterns of headings should be as simple 
as possible and not more than three classes are 
to be used. Headings of the first class should be 
underscored with a bold wavy line, of the second 
with two parallel straight lines and of the third 
with a single straight line. 

7. Drawings should be made with pen and un- 
diluted India ink for reproduction by the zinc 
etching process. Group as many drawings as 
possible and mount them close together on heavy 
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white cardboard for reduction to the width of a 
single column (6 cm) or to the full width of the 
page (13 cm). A part or all of the length of the 
page (20 cm) may be utilized but it would be 
helpful if some space is left at the bottom to permit 
insertion of legend below the figures. It is not 
possible to accept loose figures or figures so mounted 
as to leave large unused spaces between them, 
Author’s name and figure number must be written 
on the back of each mount. Do not affix legends 
to the figures but type them double spaced on a 
separate sheet. Photographic prints should be 
glossy with strong contrasts. Line drawings will be 
preferred, however, both because of the lower cost 
of reproduction and their relative clearness. When 
submitting manuscript, give the original magnifica- 
tions of the illustrations. These will be revised 
later in accordance with the reduction to which the 
figures are subjected in reproduction. Alternatively 
give a dimensional scale in microns or mm for each 
figure or for each group of figures differing in magni- 
fication. 

The thickness of the lines and dots should be 
planned with the desired reduction in mind; it is 
also important to calculate the requisite spaces 
between lines and dots. 

Illustrations (including tables and _ graphs) 
should not exceed 20 per cent of the text; authors 
of more copiously illustrated articles may be asked 
to pay for the excess. 

8. Latin names of plants should be used in all 
cases in preference to common names, and when a 
plant is comparatively little known, the name of the 
family should be given in brackets. Underline 
both generic and specific names throughout the 
manuscript. Specific names should always be 
written with a small letter. 

9. Place all acknowledgements at the end of the 
paper just after ‘Summary’ and before ‘ Litera- 
ture Cited’. 

10. It is extremely important that galley proofs 
are promptly returned to the editor. Authors will 
be billed at cost for alterations in proofs other than 
corrections of printer’s errors. It is useful to write 
across top of title page of manuscript directions for 
mailing of proof, thus: Mail proof to (author’s 
name and vacation address, if any). If authors 
wish to have original illustrations returned subse- 
quent to publication, the editor should be so 
informed at the time proof is returned. 

11. Order for reprints should be sent to editor 
with corrected galley proof. Type is destroyed im- 
mediately after printing; hence it becomes impos- 
sible to supply reprints after publication of papers. 
Thirty reprints are supplied free to the author. 
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